An  Extra&of  fome  Phyfico-Mathermtical  Diitourfcs  con¬ 
tained  in  Mr.  C  o  t  e  s’s  Hydroilatical  and  Pneumaticai 
Lectures :  printed  for  the  u.!e  of  tho(e  that  go  the 
Courts  of  Experiments. 

The  exact  eftimate  of  all  manner  of  Prej fares,  The  invention  of  the  Center 
f  Preffure  upon  any  propofed  Plane  reduced  to  the  Problem  of  finding  the  Center 

of  percuffioft . 

'TE  are  now  to  determine  the  quantity  of  that  Preffure  whicK 
\y  \  /  any  furface  fufiains  that  is  expos’d  to  the  Gravitation  of  a 
▼  Fluid,  this  muft  be  done  gradually  beginning  with  thofe  Cafes 
which  are  moft  fimple  and  eafy,  and  afterwards  proceeding  to  thofe  which 
are  more  complex  and  difficult.  Let  a  Veffel  ABGD  (  Fig.  i.  )  be  pro¬ 
pos’d  containing  any  Fluid,  fuppofe  Water,  let  AB  be  the  upper  furface  of  the 
Water,  and  CD  the  Bottom  of  the  Veffel  ;  the  preffure  upon  any  part  of  that 
Bottom  fuppofe  GH  will  be  equivalent  to  the  weight  of  a  Column  of  W ater 
GHIK ,  having  the  part  GH  for  its  bale  and  67  or  HK  the  depth  under 
Water  for  its  altitude.  This  feems  to  be  felf  evident  and  may  befit  be  prov’d 
by  the. absurdity  of  any  contrary  fuppofition;  for  if  it  be  faid  that  GPP 
fufiains  a  greater  weight  than  that  of  the  Column  GHIK>  the  excefs  muft 
come  from  the  adjoyning  Columns  ACGI  and  KHDB ,  now  for  the  like  reafon 
it  ought  to  be  faid  that  CG  fufiains  a  greater  weight  than  that  of  the  Column 
ACGI ,  and  HD  a  greater  than  that  of  the  Column  KHDB.;  but  if  this  were 
true,  then  would  all  the  parts  66, 67/and /7D  together,  of  that  whole  plane  CD 
fuflain  a  greater  we'ight  than  that  of  the  Columns  together,  or  the  whole 
Water  which  is  above  it  namely  ACDB ,  which  is  abfurd.  The  like  abfur- 
dity  will  follow  if  it  be  faid  that  GH  fufiains  a  Idler  preffure  than  the 
weight  of  the  Column  GPIIK;  the  weight  of  that  Column  then,  which  is 
perpendicularly  incumbent  upon  it  is  exa&ly  equivalent  to  the  preffure 
which  it  fufiains.  This  is  the  Quantity  of  preffure  upon  the  Plane  Gl 
in  the  cafe  that  has  already  been  deferib’d.  If  the  Figure  of  the  Veffel  be 
any  way  alter’d,  the  preffure  will  ftill  be  the  fame  if  the  perpendicular 
difiance  of  the  Plane  GH  from  the  upper  furface  of  the  Water  contain’d  in 
the  Veffel  of  what  ever  Figure  it  be,  remain  unalter’d.  Thus  (in  Fig.  2.  3.) 
if  LNGHOM  be  a  Veffel  of  any  irregular  Figure,  LAP  be  the  upper  furface 
of  the  Water,  and  the  Perpendicular  difiance  of  GH  below  LAP  namely  6/ 
or  HK  be  the  fame  as  before ;  the  preffure  of  the  Veffelled  Water 
LNGHOAP  upon  the  Bottom  GH  will  be  equal  to  the  fame  weight  of 
the  Column  GHIK  as  before,  though  the  VeffelPd  Water  LGHAP  be  much 
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tefs  than  that  Column  as  in  ('Fig.  *•)  or  much  greater  as  in  ('Fig.  3 .)  The 
preflure  is  not  to  be  eftimated  by  the  quantity  of  Water  but  by  its  Alti¬ 
tude.  For  if  the  quantity  of  Water  LGHM!  ('Fig.  2.)  be  a  thoufand 
times  lefs  than  IGHK  as  we  may  eafily  fuppofe  it  to  be,  and  the  quantity 
of  Water  LGHM  (Fig,  3.)  be  a  thoufand  times  greater  than  the  fame 
IGHK ,  then  the  quantity  of  this  latter  will  be  a  million  of  times  greater 
than  the  former,  neverthelefs  both  will  equally  prefs  upon  their  bottoms 
GH ,  namely  with  a  force  equivalent  to  the  weight  of  the  perpendicular  Co¬ 
lumn  GHIK ,  which  may  defervedly  be  accounted  a  paradox  in  Hydrofta- 
ticks*  but  may  thus  ('among  other  way s)  be  render’d  intelligible.  Let  us 
conceive  each  of  thofe  Veflels  plac’d  in  a  larger  ABCD9  the  preflure  upon 
GH  will  be  the  fame  whether  we  fuppofe  the  Water  LNGHOM  to  be 
contain’d  in  its  proper  Veflel  LNGHOM  or  imagining  that  Veflel  to  be 
away,  we  fuppofe  its  place  to  be  fupplyed  by  the  ambient  Water 
ACGNL  and  HOMBD  :  for  any  parcel  of  Water  may  be  conceiv’d 
to  be  kept  in  by  the  reft  of  the  Water,  which  every  way  furrounds 
it  as  in  a  Veflel,  fuppofing  all  at  reft  ;  now  in  this  latter  Cafe  where 
we  make  the  ambient  Water  ACGNL  and  HOMBD  to  be  a  Veflel 
to  the  Water  LNGHOM  the  preflure  upon  GH  is  equivalent  to  the  weight 
of  the  Column  GHIK  as  has  been  already  made  out,  therefore  in  the 
former  where  the  Water  LNGHOM!  was  contain’d  in  its  proper  Veflel, 
the  preflure  upon  GH  will  be  alfo  equivalent  to  the  weight  of  the  fame 
Column  GHIK .  By  the  lame  way  of  reafoning  we  may  conclude  that  the 
Water  contain’d  in  any  other  more  irregular  Veflel  as  LNGHOMI  (Fig. 
4.)  prefles  upon  the  bottom  with  a  force  equivalent  to  the  weight  of  the 
Column  of  Water  GHIK ,  having  the  faid  bottom  for  its  Balls,  &  GI  or 
HK  the  perpendicular  diftance  of  the  Plains  GH  and  LM  for  its  Altitude. 
If  the  Plane  GH  be  oblique  to  the  Horizon  as  in  (Fig.  5.)  The  preflure 
upon  GH  from  the  Water  of  the  Veflel  LNGHOM >  or  from  that  of  the 


Veflel  EGHF,  or  from  that  of  the  larger  Veflel  ACDB  will  ftill  be  the 


fame,  if  the  upper  Surfaces  LM<>  EF  and  AB  be  in  the  fame  Plane  or  at  the 
fame  Altitude  above  GH .  The  Altitude  is  every  where  the  meafure  of 
Preflure  whatever  be  the  quantity  of  the  Fluid,  or  however  the  containing 
Veflel  be  figur’d.  ^  V;  .  '9 

I  fhould  now  proceed  to  eftimate  the  preflure  upon  Planes  which 
are  either  perpendicular  or  oblique  to  the  Florizon,  but  becaufe  the  fe- 
veral  indefinitely  fmall  Parts  of  which  fuch  Planes  are  compofed  are  a&ed 
upon  with  different  forces  accordingly  as  the  particles  of  Water,  by 
which  they  are  immediately  touch’d,  happen  to  be  at  different  depths, 
and  fince  the  total  preflure  is  made  up  of  all  thefe  different  forces  taken 
together,  we  ought  before  we  go  any  further  to  confider  what  will  be 
the  preflure  which  each  of  thefe  indefinitely  fmall  Parts  fuftains.  Firft  then 
we  are  to  confider  that  every  (mall  particle  of  Water  which  is  at  reft  is 
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prefsM  upon  equally  on  all  fides  by  the  or  her  particles  which  furround  if* 
otherwife  it  would  yield  to  the  ftronger  force  till  it  were  equally  prefs’d 
every  where,  and  as  it  is  equally  prefs’d  on  all  fides  fo  does  it  every  way 
by  rea&ion  equally  prefs  what  ever  is  contiguous  to  it  according  to  all 
polfible  contrary  directions,  for  fliould  it  prefs  lefs  than  it  were  prefs’d  it 
inuft  neceffarily  yield  to  the  force  which  is  fup pos’d  greater  then  its 
own,  and  fliould  it  prefs  more  than  it  were  prefs’d,  its  force  would  ne- 
eeffarily  remove  its  weaker  Antagonift.  Therefore  fince  all  things  are 
fuppos’d  to  be  at  reft,  we  cannot  any  ways  imagin  this  inequality  of 
preffure  to  take  place.  Now  it  has  been  prov’d  before  that  the  preffure 
from  above  is  equivalent  to  the  weight  of  the  incumbent  Column  of 
Water,  therefore  the  preffure  from  any  other  part  or  according  to  any  other 
dire&ion  is  alfo  equal  to  the  weight  of  the  fame  incumbent  Column,  and 
fince  action  and  reaction  are  equal,  the  particle  it  felf  muft  prefs  accord¬ 
ing  to  all  manner  of  directions,  with  the  fame  force  which  is  equivalent 
to  the  weight  of  the  incumbent  Column.  ’Tis  evident  rhen  that  Fluids 
as  they  preft  according  to  all  poffible  directions,  fo  are  the  preffures  equal 
according  to  all  directions,  if  the  Point  of  contaCt  in  which  the  preflure 
is  made  be  at  equal  depths.  This  being  allow’d  we  may  proceed  to  what 
remains.  Suppofing  then  that  u 4CDB  (Fig.  6.)  is  a  Cubical  Veffel  in 
which  the  Water  reaches  to  the  top,  fo  that  its  upper  Surface  be  repre- 
fented  by  AB,  let  it  be  requir’d  to  determin  the  preffure  which  one  of  its 
fides  AC  does  fuftain  from  the  included  Water.  This  fide  AC  though 
reprefented  here  by  a  Line,  to  avoid  confufion  in  the  Scheme,  is  fuppos’d 
to  be  a  Square.  The  meafure  of  the  preffure  upon  every  Point  of  that 
Square  (or  as  it  is  here  reprefented  of  that  Line  AC)  is  the  Altitude  of  the 
Water  above  that  Point;  thus  the  preffure  upon  L  is  meafur’d  by  AL ,  the 
preffure  upon  M  by  AM,  the  preffure  upon  N  by  AN ,  and  the  preffure 
upon  C  by  AC,  and  the  fame  may  be  faid  for  any  other  Points  of  the  Line. 
AC ,  therefore  the  preffure  upon  the  whole  Line  or  upon  all  the  Points  of  it 
will  be  meafur’d  by  the  Sum  of  fo  many  of  thofe  Altitudes  AL ,  AM,  AN% 
AC ,  as  there  are  Points  in  the  Line  AC.  Now  that  Sum  may  be  thus  eftima- 
ted  by  drawing  the  Perpendicular  LO  equal  to  AL  from  the  Point  A,  the  Per¬ 
pendicular  MP  equal  to  MA  from  the  Point  M,  the  Perpendicular  NQ^ equal 
to  NA  from  the  Point  N,  and  the  Perpendicular  CD  equal  to  CA  from, 
the  Point  C.  Now  ’tis  evident  the  Sum  of  AL ,  AM,  AN AC  muft  be 
equal  to  the  Sum  of  AO,  MP,  NO,  CD,  and  if  from  every  intermediate 
Point  between  A  and  A,  A  and  M,  M  and  TV,  N  and  C  Perpendiculars 
be  conceiv’d  to  be  drawn  after  the  fame  method,  the  Sum  of  all  thofe  Per¬ 
pendiculars  will  be  the  meafure  of  the  total  preffure  upon  the  Line  AC * 
But  the  Sum  of  all  thofe  Perpendiculars  is  equal  to  the  Area  of  the  f  rian- 
gle  ACD,  therefore  the  Area  of  the  Triangle  ACD  is  the  meafure  of  the 
preffure  upon  the  Line  AC.  Now  as  the  Line  -^TCreprefents  a  Square  fo 
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Xvill  the  Triangle  ACD  reprefent  a  Prifm  having  the  (aid.  Triangle  for  its 
Bafe  and  the  fide  of  the  Square  for  its  Altitude.  Idle  weight  of  that  Prifm 
-of  Water  is  therefore  equivalent  to  the  preffure  made  againft  the  Square 
or  lide  of  the  Cube.  That  Prifm  is  equal  to  half  the  whole  Cube  as  we 
learn  from  Euclid’s  Elements,  therefore  the  preffure  againft  the  Square  is 
equivalent  to  half  the  weight  of  the  whole  Water  contain’d  in  the  Veffel. 
There  are  4  (uch  hides  of  a  Cube  belides  the  Top  and  Bottom,  and  each 
of  thofe  4  lides  for  the  fame  reafon  doth  fuftain  the  fame  preffure,  there¬ 
fore  altogether  do  fuftain  4  times  half  the  weight,  that  is  twice  the 
whole  weight  of  the  Water.  And  the  Bottom  by  what  has  been  prov’d 
above  does  it  felf  fuftain  a  preffure  equal  to  the  whole  weight  of  the 
Water;  therefore  the  Bottom  and  Sides  together  of  a  Cubical  Veffel  fill’d 
with  Water  do  fuftain  a  preffure  from  the  Water  equal  to  thrice  the 
weight  of  it.  I  have  endeavour’d  to  make  the  thing  as  eafy  as  I  believe 
the  nature  of  it  will  permit.  Elowever  fince  that  part  of  this  dedu&ion 
where  I  told  You  the  Triangle  ACD  did  at  the  fame  time  reprefent  the 
Prifm  when  the  Line  AC  reprefented  the  Square,  might  be  perhaps  a  little 
obfcure  I  will  endeavour  to  clear  up  this  matter  fomething  further.  Let 
then  ACFE  (Fig*  7O  reprefent  the  Square  Side  of  the  Veffel,  and  CDGF 
reprefent  the  Square  Bottom  of  the  fame.  It  was  prov’d  before  that  the 
preffure  exercis’d  upon  the  Line  AC  was  meafur’d  by  the  Triangle  ACD> 
by  the  fame  way  of  reafoning  it  may  be  prov’d  that  the  preffure  upon 
the  Line  EF  is  meafur’d  by  the  Triangle  EFG ,  and  the  preffure 
upon  any  other  Line  HI  which  is  parallel  to  thefe  two  and  fttuated 
between  them  is  meafur’d  by  its  refpedive  Triangle  HI1C  If  we  imagin 
the  Square  ACFE  to  be  made  up  of  an  Infinite  Number  of  fuch  interme¬ 
diate  Lines  as  HE  the  preffure  upon  the  whole  Square  will  be  made  up 
of  the  fame  Infinite  Number  of  fuch  equal  Triangles  as  HIK>  now  the 
Sum  of  all  thofe  Triangles  make  up  the  Prifm  AEGDCF  and  this 
Prifm  is  half  the  whole  Cube,  as  in  the  former  Scheme  the  Triangle 
ACD  is  half  the  Square  ACDB .  If  the  Plane  AC  FE  inftead  of 
being  a  Square  were  a  redangled  Parallelogram  having  its  Sides  AE  either 
longer  or  fhorter  than  AC>  it  would  follow  from  the  Principles  that  the 
preffure  to  which  it  is  expos’d  would  be  equivalent  to  the  weight  of  a 
like  Prifm  of  Water,  having  the  Triangle  ACD  i or  its  Bafts,  and  the  Side 
AE  for  its  Altitude. 

I  have  been  hitherto  fpeaking  of  Planes  which  are  either  parallel  or  per¬ 
pendicular  to  the  Horizon,  it  will  be  no  difficult  matter  to  apply  what  has 
been  laid  of  Perpendicular  Planes  to  thofe  which  are  oblique.  Let  AC 
(  Fig.  8.)  reprefent  any  fuch  oblique  Plane  and  let  the  upper  Surface  of 
the  Water  be  AB .  The  meafure  of  the  preffure  upon  the  Point  L  is 
LS  the  Altitude  of  the  Water  above  that  Point,  fo  'FAF  is  the  meafure 
*>f  the  preflure  upon  AT,  VN  the  meafure  of  the  preffure  upon  A7, 
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and  XC  the  meafure  of  the  prelfure  upon  C.  T're<51:  the  Perpendiculars 
LO ,  MP^  NO,  CR  equal  refpe&ively  to  LS,  MT,  NP\  CX9  and  imagin 
the  like  Conftru&ion  to  be  made  for  all  the  other  Points  of  the  Line  AC, 
and  the  fum  of  all  thofe  Perpendiculars,  that  is  the  Triangle  ACR  will  be 
the  meafure  of  the  prelfure  upon  the  whole  Line  AC,  If  this  Line  AC 
be  fuppos’d  to  reprefent  a  Parallelogram  as  before,  then  the  Triangle  ACR. 
will  as  before  become  a  Prifm,  and  the  weight  of  that  Prifm  of  Water, 
which  we  are  taught  by  Luclid  how  to  meafure,  will  be  the  prelfure 
fuftain’d  by  the  Parallelogram. 

I  have  hitherto  fuppos’d  that  the  Line  CA  or  the  Parallelogram  repre- 
fented  by  it  coincides  with  the  Surface  of  the  Water  at  A\  if  that  does  not 
happen  but  the  higheft  part  of  the  Line  or  Parallelogram  is  at  fome  di« 
fiance  from  the  Surface,  a  Computation  of  the  prelfure  will  Hill  be  ealy 
enough.  Suppofe  MC  in  the  8  Figure  were  the  Line  or  Parallelogram 
propos’d,  the  Prelfure  upon  the  Line  MC  will  be  meafur’d  by  the  Tra¬ 
pezium  or  four  lided  Figure  MCRP ,  and  the  prelfure  upon  the  Parallelo¬ 
gram  reprefented  by  that  Line  will  be  a  Prifm,  having  that  Trapezium  for¬ 
ks  ba'e,  and  the  other  li de  of  the  Parallelogram  which  is  fuppos’d  parallel 
to  the  Surface  of  the  Water  for  its  Altitude. 

From  what  has  been  faid  of  thefe  few  particular  Inftances  we  may  nowr 
underftand,  that  the  prelfure  upon  any  Plane  of  what  ever  Figure  and 
Situation  is  equivalent  to  the  weight  of  a  Solid  of  Water,  which  is  form’d 
by  erecting  Perpendiculars  upon  every  point  of  the  Plane  propos’d,  equal 
to  the  refpedive  diftances  of  thofe  points  from  the  upper  Surface  of  the 
Water.  For  the  Perpendiculars  being  the  meafure  of  the  prelfure  upon 
the  Points  from  which  they  are  ere&ed,  the  Sum  of  thofe  Perpendiculars, 
or  the  Solid  form’d  by  them,  will  be  equal  to  the  Sum  of  the  prelfures 
upon  the  Points,  or  the  total  prelfure  upon  the  whole  Plane. 

Or  we  may  thus  exprefs  the  fame  thing  after  another  way,  and  fo  take 
in  all  curv’d  Surfaces  as  well  as  Planes,  that  the  prelfure  upon  any  Surface 
is  equal  to  the  Sum  of  all  the  Products  which  are  made  by  multiplying 
every  indefinitely  fmall  part  of  the  Surface  into  its  diftance  from  the  top 
of  the  Water.  For  the  prelfure  upon  each  of  thofe  Parts  is  equal  to  a 
Column  of  Water  having  the  Part  for  its  Balls  and  the  diftance  from  the 
top  of  the  Water  for  its  Altitude,  and  every  one  knows  who  has  the 
leaft  skill  in  Geometry,  that  thofe  Columns  are  meafur’d  by  multiplying 
their  Bafcs  by  their  Altitudes,  therefore  the  Sum  of  the  Produ&s  of  all 
thofe  Bafes  or  little  Parts  by  their  Altitudes  or  refpe&ive  diftances  from 
the  top  of  the  Water  will  be  equal  to  all  the  Columns  upon  every  little 
Part,  and  therefore  to  a  Body  of  Water  whofe  weight  will  be  equivalent 
to  the  total  Prelfure  upon  the  whole  Surface.  Now  to  find  the  Sum  of 
all  thefe  Produ&s  or  a  Body  of  Water  equal  to  that  Sum,  is  a  very 
difficult  Problem  in  rnoft  Cafes.  Stevims  in  his  Hydroftaticks  has  at- 
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tempted  it  only  in  a  few  Xnftances,  and  thofe  of  plane  Surfaces,  and  a- 
mongft  plane  Surfaces  he  meddles  only  with  fucn  which  he  calls  re¬ 
gular,  neverthelefs  he  has  gone  the  furtheft  in  this  matter  of  any  Writer 
I  have  met  with.  To  fnpply  then  this  defect  I  will  here  lay  down 
another  Rule,  which  is  not  only  univerfal,  but  alfo  as  eafy  and  expe¬ 
ditious  as  can  be  defir’d.  It  is  this,  that  the  Preffure  upon  any  Surface 
whatever ,  however  it  be  htuated  is  equal  to  the  weight  of  a  Body  of 
Water  whole  magnitude  is  found  by  multiplying  the  Surface  propos’d 
into  the  depth  of  its  Centre  of  Gravity  under  Water.  So  the  preffure 
upon  any  number  of  Surfaces  of  different  Bodies,  however  differently  ii- 
tuated,  is  equal  to  the  weight  of  a  Body  of  Water  whofe  magnitude  is 
found  by  multiplying-  the  Sum  of  all  thofe  Surfaces  into  the  depth  of 
their  common  Centre  of  Gravity  under  Water.  The  Dcmonftration  of 
this  Rule  may  not  perhaps  he  fully  underftood  by  thofe  who  are  unac¬ 
quainted  with  Staticks  and  the  Nature  of  the  Centre  of  Gravity,  how¬ 
ever  I  will  here  produce  it,  that  thofe  who  can  may  underftand  it,  and 
that  others  taking  now  for  true  what  I  lhall  affume  as  demonftrated  by  the 
Writers  of  Mechanicks  imy  afterwards  be  fully  fatisfied  of  it,  when  they 
come  to  underftand  that  Theorem  it  is  grounded  upon ;  which  is,  that  if 
every  indefinitely  fmall  Part  of  any  Surface  or  number  of  Surfaces  be 
multiplyed  refpedively  into  its  Perpendicular  diftance  from  any  propos’d 
Plane,  the  Sum  of  thofe  Produds  will  be  equal  to  the  Produd  of  the 
whole  Surface  or  number  of  Surfaces  multiply’d  into  the  Perpendicular 
diftance  of  the  Centre  of  Gravity  of  the  fingle  Surface,  or  of  the  com¬ 
mon  Centre  of  Gravity  of  the  whole  number  of  Surfaces  from  the  fame 
Plane.  Now  taking  the  upper  Surface  of  Water  for  that  Plane  to  which 
we  refer  the  indefinitely  fmall  Parts  of  the  Surface  which  is  expos’d  to  the 
preffure  we  are  concern’d  with,  ft  nee  it  has  been  already  fhewn  that  the 
preffure  upon  the  whole  is  equivalent  to  the  weight  of  a  Body  of  Water 
which  is  equal  in  magnitude  to  the  Sum  of  all  the  Produces,  made  by 
multiplying  every  little  Part  by  its  diftance  from  the  upper  Plane  of  the 
Water,  and  this  Sum  of  Produds  is  by  the  Statical  Theorem  I  have  been 
mentioning  exadly  equal  to  the  Produd  of  the  whole  Surface  or  number 
of  Surfaces  multiplyed  into  the  diftance  of  the  Centre  of  Gravity  from 
the  upper  Plane  of  the  Water,  it  will  follow  that  the  fame  Produd  is  the 
meafure  of  a  magnitude  of  Water  whofe  weight  is  equivalent  to  the  pref¬ 
fure  requir’d.  The  fame  Rule  may  be  demonftrated  by  feveral  other  me¬ 
thods,  but  I  have  pitch’d  upon  this  as  the  fitteft  for  my  purpofe. 

Another  thing  which  Stevinm  propofes  to  himfelf  is  to  determin  the 
Centre  of  preffure  upon  any  Plane.  Before  we  can  diicourfe  any  further 
about  this  we  muft  declare  what  is  meant  by  that  Centre.  It  is  then  the 
point  to  which  if  the  total  preffure  were  apply’d,  its  effed  upon  the 
Plane  would  be  the  fame  as  when  it  was  diftributed  unequally  over  the 
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whole  after  the  manner  before  defcrib’d ;  or  we  may  fay  it  is  that  Point 
in  which  the  whole  preffure  may  be  conceiv’d  to  be  united ;  or  it  is  that 
point  to  which  if  a  force  were  applyed,  equal  to  the  total  preffure  but  with 
a  contrary  diredfion,  it  would  exadlly  ballance  or  reftrain  the  Effedt  of 
the  preffure.  Thus  if  ABCD  (Fig.  9.)  as  before  be  a  Yeffel  of  Water, 
and  the  fide  AC  be  prefs’d  upon  with  a  force  equivalent  to  twenty  pounds 
of  Water ;  this  force  we  have  feen  is  unequally  diftributed  over  AC,  for 
the  parts  near  A  being  at  a  leffer  depth  are  lefs  prefs’d  upon  than  the  parts 
near  C  which  are  at  a  greater  depth,  and  therefore  the  efforts  of  all  the 
particular  preffures  are  united  in  fome  point  Z,  which  is  nearer  to  C  than 
to  -A.)  and  that  point  Z  is  what  may  be  call’d  the  Centre  of  preflure:  if 
to  that  point  a  force  equivalent  to  twenty  pound  weight  be  apply’ d  it  will 
affedl  the  Plane  AC  in  the  fame  manner  that  it  was  affedfed  before  by  the 
preflure  of  the  Water  diftributed  unequally  over  the  whole.  And  if  to 
the  fame  point  we  apply  the  fame  force  with  a  contrary  direction  to  that 
of  the  preffure  of  the  Water,  the  force  and  preffure  will  ballance  each  other, 
and  by  contrary  endeavours  deftroy  each  others  effedfs.  Suppofe  at  Z 
a  Cord  ZBW  were  fix’d,  which  palling  over  the  Pulley  P,  has  a  weight 
W  of  twenty  pounds  annex’d  to  it,  and  that  the  part  of  the  Cord  Z P  were 
perpendicular  to  AC>  the  effort  of  the  weight  W  is  equal  and  its  direction 
contrary  to  that  of  the  preffure  of  the  Water.  Now  if  Z  be  the  Centre 
of  preflure  thefe  two  Powers  will  be  in  Equilibrio,  &  mutually  defeat  each 
others  endeavours.  It  may  be  worth  while  to  be  acquainted  with  a  Rule 
for  finding  that  Centre  in  all  Cafes.  We  cannot  have  much  help  from 
Stevinm  in  this  bufinefs,  he  undertakes  only  a  few  particulars  and  thofe 
which  are  the  eafieft,  fuppofi ng  that  his  Reader  will  apply  the  like  me¬ 
thod  to  other  Circumftances,  but  they  who  fhall  endeavor  to  make  fuch  an 
Application  will  in  moft  Cafes  find  it  more  difficult  than  they  might  poifibly 
expedh  I  have  for  that  reafon  devis’d  this  general  Rule  which  follows^ 
That  if  any  Plane  which  happens  to  be  propos’d  be  produc’d  till  it  in- 
terfedf  the  upper  Surface  of  the  Water  produc’d,  if  need  be,  and  the  Line 
which  is  the  common  Sedtion  of  the  two  Planes  be  made  an  Axis  of  Suft 
penfion,  the  Centre  of  Ofcillation  or  Percuflion  of  the  Plane  as  it  is 
fuppos’d  to  revolve  about  that  Axis  will  be  the  Centre  of  preffure  re¬ 
quir’d.  Thus  if  AC  (Fig.  10.)  reprefents  the  Plane  propos’d  let  it  be 
produc’d  till  it  cut  the  Plane  HG  in  D ,  now  if  D  be  made  the  Axis  of 
Sufpenfion  of  the  Plane  AC,  the  Centre  of  percuftion  of  the  Plane  AC 
revolving  about  D  will  be  al(o  the  Centre  of  preffure  upon  the  fame  Plane. 
For  if  the  perculfive  forces  of  every  point  of  AC  be  as  the  prelfures  ex¬ 
ercis’d  upon  thofe  points,  then  the  Centre  of  percuftion  muft  needs  be 
the  fame  with  the  Centre  of  preffure,  and  that  the  force  of  percuftion.. 
is  every  where  as  the  preffure  of  the  Water  may  thus  be  prov’d.  The  per- 
cuftive  force  of  any  point  fuppofe  B  is  as  the  velocity  of  that  point,  and 
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the  velocity  is  as  the  diftance  BD  of  the  point  from  the  Axis  of  Mo¬ 
tion  ;  fo  the  percuffive  force  of  A  is  as  AD,  of  C  as  CD,  fince  then  the 
percuffive  forces  of  A,  B,  C  are  as  the  Lines  DA,  DB,  DC  and  thole 
Lines  are  as  the  Lines  EA,FB,  GC  perpendicular  to  the  Surface  of  the  Water, 
and  thefe  laft  Lines  are  as  the  preffures  upon  A,  B,  and  C,  it  follows  that 
the  percuffive  forces  taking  the  interfe&ion  D  for  the  Axis  of  fufpenfion 
or  motion  are  refpe&ively  as  the  preffures  upon  the  fame  points :  there¬ 
fore  the  Centre  of  Percuifion  or  Ofcillation  is  the  fame  with  the  Centre 
of  preffure.  The  Geometers  of  the  laft  Age  have  profecuted  the  Problem 
of  finding  the  Centre  of  Ofcillation  very  diligently,  being  excited  there¬ 
to  chiefly  by  the  noble  Invention  of  Pendulum  Clocks:  the  Rules  they 
have  laid  down  for  that  purpofe  are  eafy  enough,  and  the  Applications 
they  have  adually  made  of  thofe  Rules  are  not  a  few.  Having  there¬ 
fore  fhewn  how  the  Centre  of  Ofcillation  may  be  made  ufe  of  for  de¬ 
termining  the  Centre  of  preffure,  I  prefume  I  have  by  this  time  fufficient- 
ly  clear’d  up  what  I  propos’d.  For  further  illuftration  I  will  add  a 
^couple  of  Examples. 

Let  it  be  requir’d  to  find  the  preffure  which  a  Diver  fuftains  when 
the  Centre  of  Gravity  of  the  Surface  of  his  Body  is  32  feet  under 
Water.  The  Surface  of  a  middle  fiz’d  humane  Body  is  about  10  fquare 
feet.  Multiply  then  32  the  depth  of  the  Centre  under  Water  by  10 
the  Surface  of  the  Body,  and  the  product  or  32  times  10  folid  feet  will 
be  a  magnitude  of  Water  whofe  weight  is  equivalent  to  the  preffure 
which  the  Diver  fuftains  by  the  Rule  before  laid  down.  A  Cubick 
foot  of  Water  has  been  found  by  Experiment  to  weigh  1000  Averdu- 
pois  Ounces,  therefore  32  times  10  feet  or  16  times  20  feet  of  Water 
will  weigh  16  times  20000  Averdupois  Ounces  or  20000  Averdupois 
Pounds.  This  therefore  is  the  preffure  of  the  Water  to  which  a  Diver 
at  32  feet  depth  is  expos’d.  Again  in  (Fig.  11.)  let  the  right  angled  Paral¬ 
lelogram  ABCD  be  a  Wall,  Dam,  or  Pen  of  Timber  perpendicular  to 
the  Horizon  made  to  keep  in  a  Pond  of  Water,  whofe  upper  Surface 
reaches  to  AB:  let  AB  be  20  feet,  and  AC  12.  Let  K  be  the  Centre 
of  Gravity  of  the  Plane,  the  depth  of  that  Centre  K  will  be  equal  to 
half  GH  or  half  AC,  that  is  6  feet.  The  Area  of  the  Plane  is  found  by 
multiplying  AC  by  AB  or  12  by  20,  it  is  therefore  240  fquare  feet: 
multiply  according  to  the  Rule  the  Area  240  by  GK  which  is  6  and  the 
produft  will  be  1440  Cubick  feet  of  Water,  which  weighs  fo  many 
thoufand  Ounces  that  is  90000  pounds,  and  that  is  the  preffure  which  the 
Dam  ABCD  fufhiins.  To  find  the  Centre  of  that  preffure  we  muft  make 
the  Line  AB  which  is  the  common  Se&ion  of  the  Dam  and  the  upper 
Surface  of  the  Water,  the  Axis  of  fufpenfion  of  the  Plane  ABCD  ;  now 
it  appears  by  the  difcovery  of  Hagens,  Wallis  and  other  Geometers  that 

Z  the  Centre  of  Ofcillation  of  this  Plane  fo  fufoended  will  be  in  the  Line 
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<5H  which  bife&s  this  Plafte  arid  is  parallel  to  AC  ox  Z?D,  and  the  Line-  GZ 
will  be  two  thirds  of  GH  or  AC  that  is  8  feet  and  the  fame  point  Z  fo 
determin’d  is,  as  was  prov’d  before,  the  Centre  of  preffiire  requir’d. 

An  Enquiry  into  the  Limits  and  State  of  the  Atmofphere. 

Having  Yefterday  made  it  appear  frorn  reafon  that  the  Spring  or  Ela* 
flick  Power  of  the  Air  is  as  the  force  which  compreffes  it,  and  having 
this  Day  as  far  as  the  unavoidable  irregularity  of  Tubes  would  permit  us, 
fiiewn  by  feveral  Experiments  that  the  Denfity  is  alfoas  the  fame  force,  the 
Space  it  poffeffes  being  always  reciprocally  as  that  force;  We  are  now 
fnrniih’d  with  fufficient  data  to  make  our  Enquiries  concerning  the  Limits 
of  the  Atmofphere,  and  to  determine  its  State  as  to  Rarity  at  different 
Elevations  from  the  Earth’s  Surface.  If  the  Air  Were  of  the  fame  con¬ 
fidence  as  to  its  Rarity  or  Denfity  at  all  Altitudes  it  would  be  no  dif¬ 
ficult  thing  to  fet  bounds  to  it.  We  collected  from  the  Experiment  which 
was  Yefterday  made  at  the  top  and  bottom  of  the  Obfervatory,  that  the 
Specifick  Gravity  of  Water  is  about  850  times  greater  than  the  Specifick 
Gravity  of  Air,  (which  thing  will  hereafter  be  further  examin’d  by  an 
Experiment  particularly  fitted  for  that  purpofe)  and  in  the  foregoing  Week 
we  found  by  the  Hydroftatical  Balance,  that  Quickfilver  is  about  14 
times  heavier  than  Water  ;  it  follows  then  of  confequence  that  Quick- 
filver  is  14  times  850  degrees  heavier  than  Air,  that  is,  1x900  times 
heavier.  We  have  feen  by  the  Torricellian  Experiment  that  a  Column  of 
Quickfilver  of  Inches  is  ufually  a  counterpoife  to  a  Column  of  Air 
having  the  lame  bafis  and  reaching  to  the  top  of  the  Atmofphere;  if 
therefore  the  Air  be  every  where  of  the*  fame  Denfity  as  it  is  here  be¬ 
low,  its  Altitude  ought  as  many  times  to  exceed  the  height  of  Inches 
(which  is  the  height  of  an  ^Equiponderant  Column  of  Quickfilver)  as 
its  Specifick  Gravity  falls  fhort  of  the  Specifick  Gravity  of  Quickfilver; 
that  is,  the  Atmofphere  ought  (  upbn  the  fiippofitiori  of  an  every  where 
uniform  Denfity)  to  be  1 1900  times-  29^  Inches  or  fomew'hat  above 
Miles  high.  But:  it  may  beveafily  prob’d  that  this  fuppofition  does  in 
no  wife  take  place.  For  fince  every  Region  of  the  Air  is  compreft  by 
that  part  of  the  Atmofphere  which  is  fuperior  to  it,  and  fince  the  higher 
Parts  have  a  lelfer  weight  incumbeht'  upon  -them  than  the  lower,  and  fince 
the  Denfity  of  the  Air  is  every  where  cd  the  force  which  cbritbreifes  it, 
it  will  follow  of  necelfity  that  there  is  ft®  a -  greater  Rarity  of  the  Air 
as  it  is  further  diftant  from  the'  Surface  of  the  Eartlfi  How  far  the  Air 
may  pofilbly  admit  of  Rarefa&ioh  and  Condenfation  has  not  yet  that  I 
know  of  been  determin’d  by  any  one.  MV.  Bojl  has-  obferv’d  that  it  may 
be  fo  dilated -as  to  become  10000  tirri'es  rarer  than  it  is  in  its  natural  State. 
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Dr.  Halley  fays  that  he  himfelf  has  feen  the  Air  comp  refs’ d  fo  as  to  be 
60  times  denier  than  it  is  as  we  commonly  breath  it ;  and  Monfieur  Papin 
relates  that  he  was  a  Witnefs  that  Monfieur  Havens  did  once  in  a  Glafs' 

o 

Veffel  comprefs  the  Air  to  the  fame  degree  before  the  Glafs  was  broken, 
yet  never  could  any  Experimenter  determin  how  much  further  the 
Air  might  poffibly  be  rarefied  or  condens’d.  However  it’s  certain  that 
there  are  in  Nature  fome  Limits  which  cannot  be  exceeded.  No  con- 
denfation  can  reach  fo  far  as  to  caufe  a  penetration  of  Parts,  and  if  the 
Rarefaction  of  the  Air  be  {till  greater,  as  its  difiance  from  the  Surface  of 
the  Earth  increafeth,  its  Spring  will  at  length  be  fo  weakn’d  that  the  force, 
with  which  every  Particle  of  it  endeavours  to  tend  upwards  from  the 
Particles  which  are  next  below  it,  will  be  weaker  than  the  force  of  its 
own  gravity  which  endeavours  conftantly  to  detain  it.  The  Rarefa&ion 
of  the  Air  mud  therefore  be  bounded  of  necefiity  when  thefe  two  oppofite 
forces  come  to  ballance  each  other.  Though  this  be  certainly  true  that 
the  Air  can’t  poffibly  expand  it  felf  beyond  a  certain  meafure  upon  ac¬ 
count  of  its  Gravity,  yet  fince  Men  have  not  hitherto  been  able  to  fet 
any  bounds  to  its  utmoft  expanfion,  it  is  equally  certain,  that  we  cannot 
poffibly  define  the  Limits  of  the  Atmofphere.  For  as  the  Air  may  be 
more  and  more  rarefied,  lo  will  the  fame  Quantity  of  it  (which  equals 
the  weight  of  about  3  0  Inches  of  Quickfilver)  be  contain’d  in  a  greater 
Space,  and  thereby  thofe  Limits  be  fo  much  the  wider.  Notwithfianding 
this  feeming  difficulty  we  may  ftill  collect  how  much  the  Air  is  ratified 
at  any  propos’d  Altitude  from  the  Surface  of  the  Earth  after  the  follow¬ 
ing  manner.  Let  XAclPX  (Fig.  14.)  reprefenta  Veffiel  reaching  from  the 
Surface  of  the  Earth  Acl  to  the  top  of  the  Atmofphere  X.  Let  us  imagin 
the  fide  AX  divided  into  Inches  AB,  BC ,  CD  &c.  and  let  the  Lines  BK,  CL, 
DM,  EN  &c  be  drawn  parallel  to  Acl .  ’Tis  evident  that  the  Air  con-  ] 
tam’d  between  BK  and  CL  is  rarer  than  the  Air  contain’d  between  Acl 
and  BK ;  the  former  having  a  leffer  Column  of  Air  XCLX  incumbent 
tipon  it,  than  the  Column  XBKX  which  preffes  upon  the  latter.  Upon 
the  fame  account  the  Air  between  CL  and  DM  is  rarer  than  that  be¬ 
tween  BK  and  CL,  and  that  between  DM  and  EN  rarer  than  that  be¬ 
tween  CL  and  DM.  And  thus  is  every  fuperior  Inch  of  Air  rarer  than 
that  below  it.  Let  us  now  fuppofe,  that  every  Inch  of  Air  is  in  all 
parts  of  it  of  an  equal  Denfity,  or  that  the  Air  AK  is  every  where  uni¬ 
form,  but  denfer  than  the  Air  BL  ;  which  is  alfo  fuppos’d  to  be  every 
where  uniform,  but  denfer  than  CM ;  and  that  to  be  uniform  it  felf,  but 
denfer  than  DN,  and  fo  onwards.  Again  let  us  fuppofe  that  the  Air  BL 
is  reduc’d  to  a  lelfer  Space  BO,  fo  as  to  become  equally  denfe  with  the 
Air  AK,  which  is  done  by  making  the  Space  B  (7  leffer  than  BL,  in  the 
fame  proportion  that  the  Air  BL  is  lefs  denfe  than  the  Air  AK;  after  the 
fame  manner  let  the  Air  CM  be  reduc’d  to  the  Space  CR ,  and  the  Air 
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I)N  to  the  Space  VS  and  fo  onwards,  that  thus  every  Inch  of  Air  may 
be  reduc’d  to  the  fame  confidence  with  the  Air  AK;  now  it  is  evident 
from  this  condrudion  that  the  Spaces  AK,  BO,  CR ,  DS,  Sec  will  every 
where  be  as  the  Denfi  ties  refpedively  of  the  feveral  Inches  of  Air  AK,  BL , 
CM,  DN ;  and  it  is  alfo  evident  that  the  Quantity  or  weight  of  the  Air 
which  reaches  from  any  one  of  thofe  Spaces  up  to  the  extremity  of  the  At- 
fphere  will  every  where  be  as  the  Sum  of  all  the  Spaces  which  are  fituated 
above  the  Space  propos’d.  Thus  the  Quantity  or  the  weight  of  Air 
above  the  Space  AK  will  be  as  the  Sum  of  the  Spaces  BO,  CR,  DS,  ET, 
W  Sec,  and  the  Quantity  or  weight  of  Air  above  the  Space  CR  will  be 
as  the  Sum  of  the  Spaces  DS,  ET,  FK  Sec .  For  the  Air  being  every 
where  reduc’d  to  the  fame  confidence,  the  Quantity  or  weight  of  it 
will  be  as  the  Space  it  polfelfes.  Thefe  things  being  laid  down  I  may 
now  without  much  difficulty  proceed  to  edablifh  the  Conclufion  I  aim 
at,  which  is  this,  that  if  any  number  of  didances  from  the  Surface  of 
the  Earth  be  taken  in  an  Arithmetical  Progredion,  the  Denfities  of  the 
Air  at  thofe  Didances  will  be  in  a  Geometrical  Progredion.  For  fince 
by  the  Experiments  which  have  this  Day  been  made,  it  appears  that  the 
Denfi ty  of  the  Air  is  always  as  the  force  which  compreffes  it,  we  mud 
conclude  that  the  Denfity  of  the  Air  at  any  Didance  from  the  Surface 
of  the  Earth  is  as  the  Quantity  or  weight  of  that  part  of  the  Atmofphere 
which  is  above  it.  Therefore  in  our  Scheme  the  Denfities  of  the  Air  be¬ 
tween  Aol  and  BK,  BK  and  CL,  CL  and  DM  Sec .  are  to  each  other  re¬ 
fpedively  as  the  Quantities  of  Air  Above  A  cl,  BK,  CL  Sec .  up  to  the 
extremity  of  the  Atmofphere.  But  we  faw  before  that  thofe  Denfities 
were  as  the  Spaces  AK,  BO,  CR  Sec .  refpedively,  and  thofe  Quantities  of 
Air  reaching  to  the  extremity  of  the  Atmofphere  were  as  the  Spaces 
XB&QRSTKX,  XCyRSTKX,  XD iSTKX  refpedively,  it  follows  then 
that  the  Spaces  AK,  BO,  CR  are  to  each  other  refpedively  as  the  Spaces 
XB &  OR STV'X,  XCyRSTKX,  XDSSTKX.  Now  the  former  Spaces 
AK,  BO,  CR  are  the  differences  of  the  latter,  and  it  is  well  known  to 
thofe  who  underdand  any  thing  of  the  nature  of  Proportions,  when  any 
fet  of  Quantities  are  to  each  other  refpedively  as  their  differences  that 
then  as  well  the  Quantities  themfelves  as  their  differences,  are  in  a  Geo¬ 
metrical  Progredion.  The  Spaces  AK,  BO,  CR,  are  therefore  in  a  Geo¬ 
metrical  Progredion,  as  the  Didances  AB,  AC,  AD  are  in  an  Arithmeti¬ 
cal  Progredion.  And  as  the  Denfities  of  the  Air  belonging  to  thefe  three 
fird  Inches  are  in  a  Geometrical  Progredion,  fo  do  the  Denfities  of  the  Air 
belonging  to  every  one  of  the  other  Inches,  which  are  fuppos’d  to  be 
continued  up  to  the  extremity  of  the  Atmofphere,  decreafe  in  the  fame 
Geometrical  Progredion,  as  any  one  without  difficulty  may  colled  by  the 
fame  way  of  reafoning.  I  have  hitherto  fuppofed  for  eafe  of  conception 
that  the  Air  is  of  the  fame  Denfity  in  every  part  of  each  Inch  of  Alti- 
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t tide*  neverthelefs  it  is  certain  that  every  the  leaff  variation  of  Altitude 
caufes-  a  variation  of  Density  in  the  Air.  The.  Condufion  however  will  not 
hereby  be  difturb’d:  for  if  in  Head  of  dividing  the  Altitude  of  the  At- 
mofphcre  into  Inches  as  before,  we  conceive  it  now  to  be  divided  into 
its  molt  indefinitely  minute  parts,  applying  to  thefe  what  we  have  laid 
above  concerning  the  Inches,  we  (hall  at  length  deduce  the  fame  Geome¬ 
trical  Progneilion  of  Denfities  anfwering  to  a  like  Arithmetical  Progreflion 
of  Altitudes.  Now  becaufe  the  Rarity  of  any.  Body  is  reciprocally  as 
its  Duality,  we  may  alfo  conclude  that  as  the  Distances  from  the  Surface 
of  the  Earth  do  increafe  in  an  Arithmetical  Progreflion,  fo  do  the  diffe¬ 
rent  degrees  of  Rarity  of  the  Air  increafe  in  a  Geometrical  Progreflion. 
This  Property  of  the  Air  was  firft  that  I  know  of  obferv’d  by  Dr.  Halley r 
but  becaufe  his  Dcmonflration  cannot  be  underflood  by  thofe  who  arc. 
unacquainted  with  the  nature  of  the  Hyperbolick  Line,  and  Dr.  Gregory 
in  his  Dcmonflration  of  the  fame  thing,  which  may  be  feen  in  the  fifth 
Book  of  his  Aflronomy,  fuppofes  his  Reader  to  be.  furni  fil’d  with  fo  much 
Geometry-  as  not  to  be  ignorant  of  the  properties  of  the  Logarithmick. 
Line,  I  have  endeavour’d  to  make  the  thing  intelligible  by  a  Method 
which  may  be  cal'y  even  to  thofe  who  have  never  medlcd  with  Curvi¬ 
linear  Figures.  Let  us  fee  now  what  help  we  have  from  this  property 
to  determin  how  much  the  Air  is  really  rarefied  at  any  propos’d  Eleva¬ 
tion  from  the  Surface  of  the  Earth.  Since  the  Elevations  are  the  Terms 
of  an  Arithmetical  Progreflion  as  the  Rarities  are  the  Terms  of  a  Geo¬ 
metrical,  it  follows,  that  the  Elevation  is  every  where  proportionable  to 
the  Logarithm  of  the  Rarity.  If  then  by  Experiment  we  can  poflibly 
find' the  Rarity  of  the  Air  at  any  one  Elevation,  we  may  by  the  Rule  of 
Proportion  find  what  is  the  Rarity  at  any  other  propos’d  Elevation  :  by  fay¬ 
ing,  as  the  Elevation  at  which  the  Experiment  was  made,,  is  to  the  Eleva¬ 
tion  propos’d,  fo  is  the  Logarithm  of  the  Air’s  Rarity  which  was  obferv’d  at 
the  Elevation  where  the  Experiment  was  made,  to  the  Logarithm  of  the  Air’s 
Rarity  at  the  Elevation  propos’d.  Thus  I  collected  from  the  celebrated 
French  Experiment  of  the  Puy  dc  Dommc ,  which  I  Yefterday  gave  You  an 
Account  of,  that  at  the  Altitude  of  7  Miles  the  Air  is  fomewhat  above  4 
times  rarer  than  at  the  Surface  of  the  Earth.  By  the  fame  method  I  col¬ 
lected  from  the  Experiment  of  Mr.  Cafwcll  made  upon  Snowden  Hill,  that  at 
the  fame  Altitude  of  7  Miles  the  Air  is  not  altogether  fo  much  as  4 
times  rarer  than  at  the  Surface,  the  difference  .on  both  lides  was  incon¬ 
siderable  .  We  may  take  a  mean  therefore  and  fay.  in  a  round  number, 
that  at  the  Altitude  of  7  Miles  the  Air  is  about  4  times  rarer  than  at  the 
Surface  of  the  Earth.  Sr.  Ifitaa  Newton  in  his  late  Additions  to  his  Op- 
ticks  makes  ufe  of  this  very  fame  proportion,  what  grounds  he  went  upon 
is  difficult  to  guefs,  however  I  am  fatisfied  of  the  Gonclufton  from  my 
own  Computation.  Now  from  what  has  been  already  prov’d  that  the 
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Rarity  of  the  Air  is  augmented  in  a  Geometrical  as  the  Altitude  is  aug¬ 
mented  in  an  Arithmetical  Progreflion,  it  follows  that  every  feven  Miles  ad* 
ded  to  the  Altitude  does  always  require  a  rarity  of  the  Air  Hill  4  rimes 
greater.  Therefore  at  the  Altitude  of  14  Miles  the  Air  is  1 6  times 
rarer  than  at  the  Surface,  at  the  Altitude  of  z  1  Miles  it  is  64  times 
rarer,  at  the  Altitude  of  z8  Miles  Z56  times,  at  35  Miles  1014  times, 
at  70  Miles  about  a  Million  of  times,  at  140  Miles  a  Million  of  Million 
of  times,  at  zio  Miles  a  Million  of  Million  of  Millions  of  times,  if 
the  Air  can  poilibly  expand  it  felf  to  fo  large  Dimenlions.  Hence  we 
may  call ly  gather  that  the  Air  at  the  Altitude  of  500  Miles  (if  the 
Atmolphere  can  reach  fo  far)  muft  neceflarily  be  there  fo  much  rarificd 
that  if  a  Globe  of  the  Air  we  breath  in  of  an  Inch  Diameter  were  as  much 
dilated  it  would  poffefs  a  larger  Space  than  the  whole  Sphere  of  Saturn. 
The  Semidiameter  of  the  Earth  is  nearly  4000  Miles  wflich  is  8  times 
5  hundred  Miles :  with  good  rcafon  then  might  that  excellent  Philofo- 
pher  I  have  lately  been  mentioning  tell  ns  in  his  Principia ,  that  the  Air 
at  the  Altitude  of  a  Semidiameter  of  the  Earth  is  at  leaft  fo  wonderfully 
rarificd  as  I  have  deferib’d  it  to  be  at  an  Altitude  8  times  lefs. 

It  appears  from  the  Obfervations  of  Aftronomers  of  the  Duration  of 
Twilight  and  of  the  magnitude  of  the  Terreftial  Shadow  in  Lunar  E- 
clipfes,  that  the  Effed  of  the  Atmolphere  to  re  fled  ahd  intercept  the  light 
of  the  Sun  is  fenliblc  even  to  the  Altitude  of  between  40  and  50  Miles, 
fo  far  then  may  we  be  certain  that  the  Atmolphere  reaches,  and  at  that 
Altitude  we  may  colled  from  what  has  been  already  faid  that  the  Air  is  about 
10000  times  rarer  than  at  the  Surface  of  the  Earth.  How  much  farther 
than  this  Altitude  of  between  40  and  50  Miles  the  Atmofphere  may  be 
extended  I  muft  eonfels  I  am  altogether  ignorant,  there  bring  no  data 
that  I  know  of  from  which  a  greater  Altitude  may  be  indubitably  con¬ 
cluded.  There  has  indeed  been  often  fen  in  the  Atmolphere  fomc  very 
Luminous  parts  even  near  the  Zenith  about  Midnight,  but  1  dare  not 
conclude  any  thing  from  fuch  appearances ;  if  I  lliould  aflcrt  as  fomc 
have  done  that  thefe  luminous  paits  are  nothing  pile  but  fomc  Terreftial 
Exhalations  floating  in  the  Air  at  a  prodigious  Altitude,  and  thereby  re- 
fleding  the  Light  of  the  Sun  which  they  are  expos’d  to  at  that  great  height 
to  our  eyes,  it  will  be  next  to  impofhble  to  give  any  tolerable  account 
how  thofc  Exhalations  can  be  denfe  enough  to  refled  fo  copious  a  Light 
at  that  vaft  diftance,  and  at  the  fame  time  be  fupported  by  a  Medium,  I 
may  fay,  almoft  infinitely  rarer  than  the  Air  we  breath  in.  It  ferns  more 
probable  that  thefe  extraordinary  Lights  proceed  from  fomc  felf  filming 
Subftance  or  Aerial  Pho/phorus .  A  furprizjng  appearance  of  this  kind 
was  feen  at  Cambridge  about  10  of  the  Clock  at  Night  and  at  other  very 
ftiftant  Places  on  the  zo th  of  March  in  the  Year  1.706.  It  was  a  Semi¬ 
circle  of  Eight  of  about  two  thirds  of  the  ordinary  breadth  of  the  milky 
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way  but  much  brighter.  The  top  of  it  pafs’d  very  near  our  Zenith  in¬ 
clining  about  4  or  5  Degrees  to  the  North,  it  crofs’d  the  Horizon  at  a 
very  {mall  diftance  from  the  Weft  towards  the  South,  and  again  about  as 
far  from  the  Eaft  towards  the  North.  It  was  moft  vivid  and  beft  de¬ 
fin’d  about  the  Weftern  Horizon  and  moft  faint  about  the  Zenith,  where 
it  firft  began  to  di (appear  :  there  was  at  the  fame  time  an  aurora  Borealis . 
A  Friend  of  mine  faw  the  fame  appearance  in  Liyicolnfbire  at  the  diftance 
of  about  70  Miles  north  of  Cambridge :  the  Semicircle  feem’d  to  Him  to 
lye  in  the  Plane  of  the  ^Equator.  From  thefe  two  obfervations  com¬ 
par’d  together  it  is  eafy  to  colled  that  the  matter  from  which  that  Light 
proceeded  was  elevated  above  the  Earth’s  Surface  between  40  and  50 
Miles.  Having  now  finiih’d  what  I  deftgn’d  to  reprefent  concerning  the 
Limits  and  different  degrees  of  rarity  of  the  Atmofphere  at  different  Al¬ 
titudes  I  might  here  conclude.  But  becaufe  it  may  poftibly  be  expeded 
that  I  fhould  add  fomething  in  this  place  concerning  the  Caufe  of  the 
Airs  Elafticity  upon  which  thefe  dedudions  were  grounded,  it  may  not 
be  amifs  to  declare  here  that  of  all  the  feveral  Hypothefes  which  I  have 
hitherto  been  fuggefting  for  this  purpofe,  that  of  Sir  Ifaac  Newton  Teems  to 
me  to  be  the  moft  probable.  He  has  demonftrated  in  the  fecond  Book 
of  his  Principia  that  if  the  particles  of  the  Air  be  of  fuch  a  Nature  as 
to  recede  from  each  other  with  centrifugal  forces  reciprocally  proportionable 
to  their  diftances,  they  will  compofe  an  Elaftical  Fluid  whofe  Denfity 
will  always  be  as  the  force  which  compreffes  it;  and  any  one  who  reads 
the  late  Additions  to  his  Opticks  will  perceive  that  that  Hypothefis  is 
not  advanc’d  without  reafon. 

An  tic c omit  of  the  feveral  fucceffive  Degrees  in  which  the  Air  is 
expanded  and  comprejfed  by  the  Air-pump  and  Condenfer .  Wherein 
the  firft  and  fecond  Tables  are  explained. 

AT  our  laft  meeting  we  took  a  particular  view  of  the  feveral  parts 
of  which  our  Engines  confift.  I  ftiall  therefore  fuppofe  You  to 
be  fufftciently  acquainted  with  the  Fabrick  and  contrivance  of  them,  and 
to  underftand  in  general  the  manner  of  their  Operations.  I  fay  in  general, 
becaufe  there  are  Tome  particulars  which  yet  remain  at  this  time  to  be 
difcours’d  of,  which  may  alfo  very  well  deferve  your  confideration  and 
will  be  of  good  Ufe  in  order  to  frame  juft  and  true  apprehenfions  of 
the  Experiments  which  will  hereafter  be  made.  I  ftiall  begin  with  the 
Air-pump,  and  reprefent  to  You  by  what  degrees  the  Air  contain’d  in 
the  Receiver  is  exhaufted. 

It  may  perhaps  upon  the  firft  view  feem  not  improbable  that  an  equal 
evacuation  is  made  at  each  ftroke  o£  the  Pump  and  confequently  that  the 
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Receiver  may  after  a  certain  number  of  Strokes  be  perfc&ly  exhaufted  * 
for  it  muft  be  allow’d,  if  an  equal  quantity  of  Air  is  taken  away  at  every 
ftroke,  that  the  Receiver  will  in  time  be  perfedly  exhaufted,  how  fmall 
foever  thofe  equal  quantities  which  are  continually  taken  away,  may  be 
fuppofed  to  be.  Thus  if  the  Air  which  goes  out  of  the  Receiver  at  each 
turn  of  the  Pump  be  but  the  Hundredth  part  of  what  was  at  firft  includ¬ 
ed  in  the  Receiver  ;  ’tis  certain  that  a  total  evacuation  will  be  made  after 
an  Hundred  turns.  That  things  are  thus  may  at  firft  view  I  fay  feem 
not  improbable.  But  if  we  confider  the  matter  more  nearly  we  fhall  find 
it  to  be  far  otherwife. 

What  I  fhall  endeavour  to  make  out  to  you  is  this ;  that  the  quanti¬ 
ties  exhaufted  at  every  ftroke  are  not  equal  but  are  perpetually  diminifh’d 
and  grow  lefter  always  fo  long  as  you  continue  to  work  the  Pump  :  that 
no  Receiver  can  ever  be  perfectly  and  intirely  evacuated,  how  long  time 
foever  you  imploy  for  that  purpofe,  notwithftanding  that  the  Engin  be 
abfolutely  free  from  all  defeds  and  in  the  greateft  perfection  which  can  be 
imagin’d.  It  may  appear  to  be  a  Paradox,  that  a  certain  quantity  of  the 
Air  in  the  Receiver  ftiould  be  removed  at  every  turn  of  the  Pump  and 
yet  that  the  whole  can  never  be  taken  away ;  but  I  hope  I  fhall  eafily 
fatisfy  you  that  it  is  not  a  Miftake.  Laftly,  that  I  may  not  feem  too  much, 
to  depreciate  the  Value  of  our  Engin,  I  have  this  further  to  fay  for  it: 
that  though  it  be  impoflible  by  it’s  means  to  procure  a  perfed  Vacuum, 
yet  you  may  approach  as  near  to  it  as  you  pleafe.  By  a  perfed  Vacuum 
here  I  mean  in  refped  of  Air  only,  not  an  abfolute  Vacuity  in  refped  of 
every  thing  which  is  Material  :  for  not  to  mention  what  other  fubtile 
Bodies  may  poftibly  be  lodg’d  in  our  emptied  Receivers,  ’tis  matter  of 
fad  that  the  Rays  of  Light  are  not  excluded  from  thence. 

In  Order  to  make  out  thefe  Aftertions,  I  fhall  in  the  firft  place  lay 
down  this  Rule.  That  the  quantity  of  Air  which  is  drawn  from  the 
Receiver  at  each  ftroke  of  the  Pump,  bears  the  fame  proportion  to  the 
quantity  of  Air  in  the  Receiver  immediately  before  that  ftroke,  as  the 
capacity  of  the  Barrel  into  which  the  Air  paffes  from  the  Receiver,  does 
to  the  capacity  of  rhe  fame  Barrel  and  the  capacity  of  the  Receiver  taken 
together.  You  may  remember  that  in  each  Barrel  there  are  two  Valves, 
whereof  the  lower  is  placed  at  the  bottom  of  the  Barrel  and  the  upper 
is  fix’d  upon  the  Embolus  or  Sucker.  Now  the  hollow  Space  which  lies 
betwixt  thefe  Valves,  when  the  Embolus  is  rais’d  as  high  as  it  can  go, 
is  what  I  call  the  capacity  of  the  Barrel :  for  the  other  part  of  the  cavity 
of  the  Barrel,  which  is  above  the  Embolus  and  the  upper  Valve,  is  of 
no  ufe  in  evacuating  the  Receiver,  and  therefore  ought  not  here  to  be 
confidered.  Upon  a  like  account,  by  the  capacity  of  the  Receiver,  I 
mean,  not  only  the  Space  immediately  contained  under  the  Receiver,  but 
alfo  all  thofe  other  hollow  Spaces  which  communicate  with  it,  as  far  as  to 
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the  lower  Valves :  fuch  you  may  remember  are  the  cavity  of  the  Pipe 
which  conveys  the  Air  to  the  Barrels,  and  the  cavity  in  the  up,  er  part 
of  the  Gage  above  the  Quickftlver.  Thefe  additional  Spaces  are  very 
fmall  and  inconliderable ;  yet  if  we  would  be  exaft,  they  alio  muft  be 
taken  into  the  account  and  look’d  upon  as  parts  of  the  Receiver.  Now 
to  underhand  the  truth  of  this  Rule,  we  muft  obferve  that  as  the  Em¬ 
bolus  is  moved  upwards  from  the  bottom  of  the  Barrel,  it  would  leave  a 
void  Space  behind  it,  but  this  effect  is  prevented  by  the  ruftiing  in  of  Air 
from  the  Receiver.  The  Air  you  know,  by  it’s  Elafticity,  is  always 
endeavouring  to  expand  it  felf  into  larger  Dimenfions,  and  it  is  by  this 
endeavour  that  it  opens  the  lower  Valve  and  paffes  into  the  hollow  part 
of  the  Barrel  as  the  Embolus  gives  way  to  it,  and  this  it  will  continue 
to  do,  till  it  comes  to  have  the  fame  Denftty  in  the  Barrel  as  in  the  Re¬ 
ceiver  :  for  fhould  its  Denftty  in  the  Barrel  be  lefs  than  in  the  Receiver, 
its  Elaftick  force  which  is  proportionable  to  its  Denftty  would  be  lefs  alfo, 
and  therefore  it  muft  ftill  give  way  to  the  Air  in  the  Receiver  till  at  length 
the  Denftties  become  the  fame.  The  Air  then  which  immediately  before 
this  ftroke  of  the  Pump,  (by  which  the  Sucker  is  rafted,)  was  contained  in 
the  Receiver  only,  is  now  uniformly  diffufedinto  the  Receiver  and  the 
Barrel ;  whence  it  appears  that  the  quantity  of  Air  in  the  Barrel  is  to  the 
quantity  of  Air  in  the  Barrel  and  Receiver  together  as  the  capacity  of  the 
Barrel  is  to  the  capacity  of  the  Barrel  and  Receiver  together.  But  the  Air 
in  the  Barrel  is  that  which  is  excluded  from  the  Receiver  by  this  ftroke 
of  the  Pump,  and  the  Air  in  the  Barrel  and  Receiver  together  is  what 
was  in  the  Receiver  immediately  before  the  ftroke.  Therefore  the  truth 
of  the  Rule  is  very  evident :  that  the  quantity  of  Air  which  is  drawn 
from  the  Receiver  at  each  ftroke  of  the  Pump  bears  the  fame  propor¬ 
tion  to  the  quantity  of  Air  in  the  Receiver  immediately  before  that  ftroke, 
as  the  capacity  of  the  Barrel  into  which  the  Air  paffes  from  the  Receiver, 
does  to  the  capacity  of  the  fame  Barrel  and  the  capacity  of  the  Receiver 
taken  together.  To  illuftrate  this  further  by  an  Example:  let  us  fuppofe 
the  capacity  of  the  Receiver  to  be  twice  as  great  as  the  capacity  of  the 
Barrel;  then  will  the  capacity  of  the  Barrel  be  to  the  capacity  of  the 

Barrel  and  Receiver  together  as  i  to  3,  and  the  quantity  of  Air  ex- 

haufted  at  each  turn  of  the  Pump  is  to  the  quantity  of  Air  which  was 
in  the  Receiver  immediately  before  that  turn,  in  the  fame  proportion. 
So  that  by  the  firft  ftroke  of  the  Pump,  a  third  part  of  the  Air  in  the 

Receiver  is  taken  away  ;  by  the  fecond  ftroke  a  third  part  of  the  re¬ 

maining  Air  is  taken  away,  by  the  third  ftroke  a  third  part  of  the  next 
remainder  is  exhaufted,  by  the  fourth  a  third  part  of  the  next,  and  fo 
on  continually  ;  the  quantity  of  Air  evacuated  at  each  ftroke  diminifhing 
in  the  fame  proportion  with  the  quantity  of  Air  remaining  in  the  Re¬ 
ceiver  immediately  before  that  ftroke:  for  ’tis  very  evident  that  the  third 
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part,  or  afty  other  determinate  part,  of  any  Quantity  muft  needs  be  di* 
minilhed  in  the  fame  proportion  with  the  whole  Quantity  it  felf.  And 
this  may  fufhce  for  the  proof  of  what  I  afferted  in  the  firft  place  viz,* 
That  the  Quantities  exhaufted  at  every  ftroke  are  not  equal  but  are  per¬ 
petually  diminifhed. 

I  ihall  now  proceed  to  fhew,  that  the  Air  remaining  in  the  Receiver 
after  every  ftroke  is  diminifhed  in  a  Geometrical  Progreffion.  It  has  been 
prov’d  that  the  Air  remaining  in  the  Receiver  after  each  ftroke  of  the  Pump 
is  to  the  Air  which  was  in  the  Receiver  immediately  before  that  ftroke, 
as  the  capacity  of  the  Receiver  is  to  the  capacity  of  the  Barrel  and  Re¬ 
ceiver  taken  together,  or  in  other  words,  that  t  le  quantity  of  Air  in  the  Re¬ 
ceiver,  by  each  ftroke  of  the  Pump,  is  diminifh’d  in  the  proportion  of  the 
capacity  of  the  Receiver  to  the  capacity  of  the  Barrel  and  Receiver  taken 
together.  Each  remainder  is  therefore  evermore  lefs  than  the  preceding  re¬ 
mainder  in  the  fame  given  Ratio.  That  is  to  fay  thefe  remainders  are  in  a  Ge¬ 
ometrical  Progreffion  continually  decreafing.  Let  us  return  again  to  our  former 
Example  which  may  afford  a  fomewhat  different  Light  into  this  matter. 
The  Quantity  exhaufted  at  the  firft  turn,  you  remember,  was  a  third  part 
of  the  Air  in  the  Receiver,  and  therefore  the  remainder  will  be  two 
thirds  of  the  fame,  and  for  the  like  reafon  the  remainder  after  the  fecond 
turn  will  be  two  thirds  of  the  foregoing  remainder,  and  fo  on  continu¬ 
ally,  the  decreafe  being  always  made  in  the  fame  proportion  of  2  to  $  ; 
confequently  the  decreafing  Quantities  themfelves  are  in  a  Geometrical  Pro- 
greffion.  It  was  before  proved  that  the  Quantities  exhaufted  at  every  turn 
did  decreafe  in  the  fame  proportion  with  thefe  remainders ;  therefore  the 
Quantities  exhaufted  at  every  turn  are  alfo  in  a  Geometrical  Progreffion. 
Let  it  then  be  remembred,  that  the  Evacuations  and  the  Remainders  do 
both  of  them  decreafe  in  the  fame  Geometrical  Progreffion.  If  the  Re¬ 
mainders  do  decreafe  in  a  Geometrical  Progreffion,  ’tis  certain  you  may, 
by  continuing  the  Agitations  of  the  Pump,  render  them  as  fmall  as  you 
pleafe,  that  is  to  fay,  you  may  approach  as  near  as  you  pleafe  to  a  perfed 
Vacuum.  But  notwithftanding  this,  you  can  never  entirely  take  away 
the  Remainder.  If  it  be  faid  that  you  may,  I  prove  the  contrary  thus.  Be¬ 
fore  the  laft  turn  of  the  Pump,  which  is  faid  wholly  to  take  away  the 
Remainder,  it  muft  be  confefs’d  there  was  a  Remainder:  this  Remainder, 
by  that  laft  turn  of  the  Pump,  will  only  be  diminifhed  in  a  certain  pro¬ 
portion  as  has  been  before  proved:  therefore  it  was  falfly  faid  to  be  to¬ 
tally  taken  away. 

It  may  not  be  improper  in  this  place  to  fay  fomething  concerning  the 
Gradual  Afcent  of  the  Qiiickfilver  in  the  Gage,  upon  which  we  have 
made  fome  Experiments.  You  have  obferv’d  that  as  we  continue  to  Pump, 
the  Qiiickfilver  continues  to  afcend,  approaching  always  more  and  more 
to  the  Standard  Altitude  in  the  Weather-Glafs,  which  you  know  is  a- 

E  bout 


C  18  )  iJM 

bout  ipj  Inches,  being  a4 little  under  or  over  according  to  the  variety- 
of  Seafons.  What  I  111  all  now  endeavour  to  make  out  to  you  is  this: 
that  the  defed  of  the  height  of  the  Quickfilver  in  the  Gage  from  the 
ftandard  Altitude,  is  always  proportionable  to  the  Quantity  of  Air,  which 
remains  in  the  Receiver  :  that  the  Altitude  it  fell  of  the  Quickfilver  in 
the  Gage,  is  proportionable  to  the  Quantity  of  Air  which  has  been  ex¬ 
haufted  from  the  Receiver :  that  the  Afcent  of  the  Quickfilver  upon  e- 
very  turn  of  the  Pump,  is  proportionable  to  the  Quantity  evacuated  by 
each  turn. 

In  order  to  underftand  thefe  Aftertions,  you  are  to  confider,  that  the  whole 
preffure  of  the  Atmofphere  upon  the  Cittern  of  the  Gage,  is  equivalent 
to  and  may  be  balanc’d  by  a  Column  of  Quickfilver  of  the  Standard  Al¬ 
titude.  Therefore  when  in  the  Gage,  the  Quickfilver  has  not  yet  arrived 
to  the  Standard  Altitude,  ’tis  certain  the  defed  of  Quickfilver  is  fupplyed 
by  fome  other  equal  force,  and  that  force  is  the  Elaftick  Power  of  the 
Air  yet  remaining  in  the  Receiver,  which  communicating  ( as  you  re- 
memberj  with  the  upper  part  of  the  Gage,  hinders  the  Quickfilver  from 
attending,  as  it  would  otherwife  do,  to  the  Standard  Altitude.  The  E- 
lafticity  of  the  Air  in  the  Receiver  is  then  equivalent  to  the  weight  of 
the  deficient  Qiickfilver :  but  the  weight  of  that  deficient  Quickfilver  is 
proportionable  to  the  Space  it  fhould  poffefs,  or  to  the  defed  of  the 
height  of  the  Quickfilver  in  the  Gage  from  the  Standard  height :  there¬ 
fore  the  Elafticity  of  the  remaining  Air  is  alfo  proportionable  to  the  fame 
defed.  And  fince  it  was  formerly  proved,  that  the  Denfity  of  any  por¬ 
tion  of  Air  is  always  proportionable  to  its  Elafticity,  and  the  Quantity  in 
this  Cafe  is  proportionable  to  the  Denfity  ;  it  follows,  that  the  Quantity 
of  Air  remaining  in  the  Receiver,  is  proportionable  to  the  defed  of  the 
Quickfilver  in  tire  Gage  from  its  Standard  Altitude,  which  was  the  firft 
thing  to  be  proved.  Hence  it  follows,  that  the  Qiantity  of  Air  which 
was  at  firft  in  the  Receiver  before  you  began  to  Pump,  is  proportionable 
to  the  whole  Standard  Altitude,  and  confequently  the  difference  of  this 
Air  which  was  at  firft  in  the  Receiver  and  that  which  remains  after  any 
certain  Number  of  turns,  that  is,  the  Quanrity  of  Air  exhaufted,  is  pro¬ 
portionable  to  the  difference  of  the  Standard  Altitude  and  the  before- 
mention’d  defed,  that  is,  to  the  Altitude  of  the  Quickfilver  in  the  Gage 
after  that  Number  of  turns;  which  was  the  fecond  thing  to  be  proved. 
And  from  hence  it  follows  that  the  Quanty  of  Air  exhaufted  at  every 
turn  of  the  Pump,  is  proportionable  to  the  Afcent  of  the  Quickfilver  upon 
each  turn,  which  was  the  laft  thing  to  be  made  out.  And  thefe  Conclu- 
iions  do  very  well  agree  with  the  Experiments,  which  fhew’d  us  the 
quantity  of  Air  that  was  exhaufted  by  the  Quantity  of  Water  which  after¬ 
wards  fupply’d  the  vacant  Place  of  that  Air  in  our  Receiver.  Let  it  then 
be  remembred,.  that  the  Quantity  exhaufted  at  each  turn  is  proportionable 
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the  Afcent  of  the  Quickfilver  upon  that  turn:  that  the  whole  Quantity 
exhaufted  from,  the  time  you  began  to  pump  is  proportionable  to  the  whole 
Altitude  of  the  Quickfilver  :  that  the  quantity  remaining  in  the  Receiver 
is  proportionable  to  the  defed  of  that  Altitude  from  the  Standard;  to  come 
now  to  the  application  of  the  other  Experiments  which  we  made  this  Day : 
We  found  you  remember,  that  the  feveral  Afcents  of  the  Quick filver  in 
the  Gage,  upon  every  turn  of  the  Pump,  were  diminifhed  in  a  Geometrical 
Progreflion,  and  it  has  juft  now  been  proved  that  the  quantities  of  Air 
exhaufted  at  each  turn  are  proportionable  to  thofe  Afcents.  Therefore  we 
may  fafely  conclude  from  Experiment  alfo,  what  we  before  colleded  by  a 
train  of  reafoning  :  that  the  Quantities  of  Air  exhaufted  at  every  turn  of 
the  Pump  are  diminifhed  continually  in  a  Geometrical  Progreflion.  Fur¬ 
thermore,  lince  thofe  Afcents  are  the  differences  of  the  defeds  from  the 
Standard  Altitude,  upon  every  fucceftive  turn  of  the  Pump  :  it  follows,  that 
the  defends  alfo  are  in  the  fame  decreafing  Geometrical  Progreftion.  For  ’tis  a 
general  Theorem,  that  all  Quantities,  whofe  differences  are  in  a  Geome¬ 
trical  Progrehion,  (fo  long  as  the  Quantities  continue  to  have  any  magni¬ 
tude,)  are  themfelves  alfo  in  the  fame  Geometrical  Progreftion.  The  de- 
feds  being  then  in  a  decreafing  Geometrical  Progreflion,  and  the  Quan¬ 
tities  of  Air  remaining  in  the  Receiver  being  proportionable  (as  was  late¬ 
ly  proved)  to  the  defeds :  it  follows  from  the  fame  Experiments,  that 
the  Quantities  of  Air  which  remain  in  the  Receiver  after  every  turn  of  the 
Pump,  do  decreafe  in  a  Geometrical  Progreftion :  which  was  the  other  thing 
concluded  alfo  by  a  train  of  reafoning. 

Before  I  difmifs  the  confideration  of  the  Air-Pump,  it  remains  that  I 
add  fomething  concerning  the  ufe  of  the  two  Tables,  which  I  have  put 
into  your  hands.  They  are  defigned  to  ftiew  the  number  of  turns  of 
the  Pump,  which  are  requifite  to  rarefie,  in  any  given  proportion,  the 
Air  contain’d  under  any  Receiver.  The  firft  Table  in  particular  is  fitted 
for  Receivers  whofe  capacity  is  the  fame  with  the  capacity  of  the  Barrel, 
and  the  Numbers  of  the  firft  Column  of  it  exprefs  the  degrees  of  Rare- 
fadion  as  thofe  over  againft  them  in  the  fecond  Column  exarefs  the  Num¬ 
ber  of  Turns,  with  their  Decimal  Parts,  which  are  requifite  to  produce 
thofe  degrees  of  Rarefadion.  Thus  for  Example,  if  it  were  required  to 
rarefie  the  Air,  under  fuch  a  Receiver,  an  hundred  times  above  its  natural 
Rarity:  I  feek  for  the  Number  ioo  in  the  firft  Column,  and  over  a- 
gainft  it  in  the  fecond  I  find  the  Number  6,644  by  which  I  underftand 
that  the  Air  will  be  rarified  an  Hundred  times  by  6  turns  of  the  Pump 
and  644  Thousand  parts  of  a  turn.  So  if  it  were  defired  to  rarefie  the 
Air,  under  the  fame  or  an  equal  Receiver,  10  Thoufand  times  more  than 
in  its  natural  ftate :  I  perceive  there  will  be  13  turns  and  288  Tlioufandth 
parts  of  a  turn  requifite  for  that  purpofe.  The  Receivers  which  we  fhall 
have  occafion  to  make  ufe  of  in  our  Experiments  are  generally  much  bigger 
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than  the  Capacity  of  each  Barrel  of  the  Pump,  and  by  being  bigger,  will 
require  a  greater  number  of  turns  than  thofe  fet  down  in  the  fecond  Co¬ 
lumn,  to  rarifie  the  Air  in  the  degrees  which  are  exprefs’d  in  the  firft 
Column.  It  may  perhaps  at  the  firft  view,  feem  not  •  unreafonable  to 
think  that  the  number  of  turns  requifite  to  rarefie  the  Air  in  any  certain 
Degree,  lhould  exceed  the  Numbers  of  the  fecond  Column  in  the  fame 
proportion  by  which  the  capacity  of  the  Receiver  exceeds  the  capa¬ 
city  of  the  Barrel.  But  if  the  Matter  be  examined  more  clofely,  it  will 
be  found:  that  the  Number  of  turns  do  not  increafe  in  fo  great  a  pro¬ 
portion  as  the  capacity  of  the  Receiver  does.  What  that  proportion  is, 
by  which  the  Number  of  turns  is  truly  increafed,  as  the  capacity  of  the 
Receiver  becomes  bigger,  may  be  feen  by  the  fecond  Table.  Whofe  firft 
Column  expreffes  the  proportion  of  the  Receiver  to  the  Barrel  as  the  fecond 
does  the  proportion  of  the  true  Number  of  turns  to  thofe  fet  down  in 
the  firft  Table.  The  ufe  of  it  will  be  more  clearly  underftood  by  an 
Example  or  two.  Let  us  fuppofe  the  capacity  of  the  Receiver  to  be  i  o 
times  greater  than  the  capacity  of  the  Barrel  and  that  we  would  find  how 
many  turns  are  requifite  to  rarefie  the  Air  under  fuch  a  Receiver  ioo 
times  more  than  it  is  naturally  rarefied.  By  the  firft  T able  we  find  ( as 
was  faid  above,)  that  if  the  Receiver  were  equal  to  the  Barrel  the  Number 
of  turns  would  be  6,644.  But  t^ie  Receiver  is  10  times  greater.  Find 
therefore  the  Number  10  in  the  firft  Column  of  the  fecond  Table,  and 
over  againfi:  it  you  will  fee  the  Number  7,273  in  the  fecond  Column  of 
the  fame  Table,  by  which  you  perceive  that  as  the  Receiver  is  increafed 
in  a  Decuple  proportion,  the  Number  of  turns  are  increafed  not  fo  much, 
but  only  in  a  fomewhat  more  than  Septuple  proportion.  Therefore  the 
true  Number  of  turns  will  be  found  by  multiplying  the  Number  6,644 
by  the  Number  7,273  and  will  confequently  be  48,  322.  So  if  it  were 
defired  to  find  the  Number  of  turns  of  the  Pump,  which  muft  be  made, 
to  rarefie  the  Air  10  Thoufand  times  above  its  natural  State,  in  a  Re¬ 
ceiver  which  is  50  times  bigger  than  the  capacity  of  the  Barrel:  over 
againfi:  10000  in  the  firft  Table  I  find  13,288  and  over  againfi  50,  in  the 
fecond  Table,  I  find  35,003  which  multiplyed  together  make  465,1a; 
This  therefore  is  the  Number  of  turns  requifite  for  the  purpofe.  You 
need  not  be  folicitous  about  the  Fractions  which  are  above  any  certain 
whole  Number  of  turns.  They  do  not  mean,  that  the  Handle  of  the 
Pump  is  to  be  moved  juftly  fuch  a  part  of  a  turn  as  they  feem  to  denote; 
for  ftricktly  /peaking  it  need  not  be  moved  altogether,  fo  much.  But 
the  difference  is  inconfiderable,  and  it  would  be  a  lofs  of  time  to  infift 
more  particularly  about  it.  It  was  neceftary  to  fet  down  the  Fractions 
in  the  Tables  that  no  whole  Number  of  turns  might  be  loft  in  the  Pro- 
duft,  when  you  come  to  multiply  ’em  together ;  but  when  you  have 
found  the  Product,  the  Fra&ions  belonging  to  it  need  not  be  confidered. 
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In  making  thefe  Tables,  that  they  might  not  be  too  large,  I  have  as  you 
fee  omitted  feveral  intermediate  Numbers.  However,  they  are  fufficienr 
for  the  purpofe  for  which  I  defign’d  ’em ;  which  was  to  give  you  clearer 
Notions  of  the  Operation  of  our  Engin.  I  ihould  here  explain  to  you 
the  grounds  upon  which  they  were  computed;  but  I  fear  the  difficulty 
of  the  SubjeA  would  not  permit  me  to  be  generally  under  flood.  I  fhai’ 
therefore  omit  the  doing  of  it,  and  only  obferve  to  you  of  the  full 
Table,  that  if  you  take  any  Numbers  in  the  iirft  Column  which  are  in  a 
Geometrical  Progreffion,  the  corrcfpondent  Numbers  of  the  fecond  Co¬ 
lumn  will  be  in  Arithmetical  Progreffion.  It  may  alfo  be  obferved  of  the 
fecond  Table  that  the  difproportion  of  the  correfpondent  Numbers  does 
continually  increafe  from  the  beginning  to  the  end,  how  far  fo  ever  it 
be  continued,  but  yet  does  never  exceed  the  difproportion  of  13  to  9. 

’Tistime  now  that  we  proceed  to  the  Condenler.  This  Inflrument 
will  not  require  much  to  be  faid  concerning  it.  When  I  affiert  that  equal 
Quantities  of  Air,  namely,  as  much  as  the  Barrel  can  naturally  contain, 
are  intruded  into  the  Receiver  at  each  Broke  of  the  Forcer :  the  thing  is 
fo  very  obvious  that  I  believe  I  need  not  go  about  to  prove  it.  For 
you  cannot  but  eallly  underhand,  that  as  the  Embolus  or  Forcer  is  drawn 
upwards  from  the  bottom  of  the  Barrel,  there  is  a  vacuity  left  behind  it, 
till  fuch  time  as  it  comes  to  get  above  the  little  Hole  which  is  made  in 
the  fide  of  the  Barrel  towards  the  top  of  it.  For  then  the  external  Air 
is  permitted  to  pafs  freely  through  that  Hole  into  the  aforefaid  void  Space* 
and  confequently  the  Barrel  will  then  have  as  much  Air  in  it  as  it  can 
naturally  contain.  And  as  the  Forcer  is  moved  downwards  this  Air  is 
comprefs’d,  and  by  compreffion  is  more  and  more  condens’d  till  at  length 
the  force  of  its  Elaflicity  becomes  greater  than  the  Elaflick  force  of  that 
which  is  contain’d  within  the  Receiver,  and  thereby  it  will  open  the  Valve 
and  make  way  for  it’s  felf  to  enter  totally  into  the  Receiver  as  it  is  con¬ 
tinually  pufh’d  forwards  by  the  defcending  Embolus.  Since  then  the 
Quantities  intruded  at  each  Broke  of  the  Forcer  are  equal,  it  manifeBly  ap¬ 
pears  that  the  Quantities  in  the  Receiver  and  confequently  the  degrees  of 
Condenfation  do  increafe  in  an  Arithmetical  Progreffion.  Let  us  now 
examine  by  what  Bcps  the  Quickfilver  in  the  Gage  advances  at  each  Broke. 
What  I  ffiall  endeavour  to  prove  as  to  this  matter  is  this  :  that  as  the 
Quickfilver  is  moved  forwards  in  the  Gage  upon  every  fucceffive  Broke 
•of  the  Forcer,  the  Spaces  at  the  end  of  the  Gage,  which  are  yet  left  free 
from  the  Quickfilver,  do  decreafe  in  a  Mufical  Progreffion.  But  in  the 
Brfl  place  it  may  not  be  amifs  to  explain  in  fome  meafure  the  nature  of 
Mufical  Progreffions,  fince  thefe  are  not  generally  fo  well  underBood  as 
thofe  which  we  call  Arithmetical  and  Geometrical  Progreffions.  In  order 
to  do  this,  I  lhall  propofe  an  InBance  which  firfb  gave  occafion  for  the 
Name.  ’Tis  a  thing  well  known  among  Muficians,  if  three  Chords 
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or  Strings,  in  all  other  refpe&s  alike,  be  of  different  lengths,  and  thofe 
lengths  be  to  each  other  in  proportion  as  the  Numbers  <5,  4  and  3,  that 
the  Sounds  of  thofe  Strings  will  exprefs  the  principal  and  moft  perfect  of 
the  Mufical  Concords,  namely,  and  Eight  a  Fifth  and  a  Fourth.  Thus 
the  Sound  of  the  laft  will  be  an  Odave  to  the  Sound  of  the  firft,  and 
the  Sound  of  the  fecond  a  Fifth  to  the  Sound  of  the  firft,  and  the  Sound 
of  the  laft  a  Fourth  to  the  Sound  of  the  fecond.  Hence  thefe  Numbers 
6,  4  and  3,  which  exprefs  the  Proportions  of  thofe  Mufical  Strings  were 
faid  not  improperly  to  be  in  a  Mufical  Progreffion.  Now  it  was  eafy  to 
be  obferved  that  thefe  Numbers  were  reciprocally  proportionable  to  three 
other  Numbers  refpedively,  viz,.  2, 3  and  4  which  were  in  Arithmetical 
Progreffion  ;  and  thence  it  came  to  pafs,  that  any  other  Series  of  Numbers 
was  faid  to  be  in  a  Mufical  Progreffion  which  had  the  fame  property  of 
being  reciprocally  proportionable  to  a  Series  of  Numbers  in  Arithmetical 
Progreffion.  That  therefore  is  a  Series  of  Mufical  proportionals  which  is 
reciprocal  to  another  Series  of  Arithmetical  proportionals.  But  befides 
this,  you  may  obferve  another  property  belonging  to  the  above  mention’d 
Numbers  d,  4  and  3  viz,.  That  the  Firft  is  to  the  Third  as  the  difference 
of  the  Firft  and  Second  is  to  the  difference  of  the  Second  and  Third.  And 
this  property  does  equally  belong  to  all  other  Numbers,  which  are  reci¬ 
procally  as  a  Series  in  Arithmetical  Progreffion,  that  is,  to  all  other  Num¬ 
bers  which  are  in  a  Mufical  Progreffion.  Hence  if  any  two  fucceeding 
Terms  be  given,  the  Third  may  be  found  by  dividing  the  Produd  of  the 
Firft  and  Second  by  the  difference  which  arifes  in  Subftrading  the  Second 
from  the  double  of  the  Firft.  Thus  in  the  Progreffion  d,  4,  and  3  the 
Produd  of  the  firft  and  fecond  Terms  d  and  4  is  24,  and  the  difference 
which  arifes  by  fubft racking  the  fecond  Term  (4^  from  the  double  of 
the  firft  Ci  2)  is  8,  and  the  Quotient  which  emerges  by  dividing  the  Pro- 
dud  ky  the  difference  (8)  is  3  the  third  Term  in  the  Progreffion 
required.  I  fhall  now  go  on  to  fiiew  that  the  Spaces  unpoffefs’d  by  the 
Quickfilver  at  the  end  of  the  Gage  do  decreafe  in  fuch  a  Mufical  Pro* 
greffion*  It  muft  be  obferved  therefore,  that  the  Quickfilver  of  the  Gage 
is  contiguous  on  one  fide  to  the  Air  within  the  Receiver  and  on  the  other 
fide  to  the  Air  which  is  fliut  up  at  the  end  of  the  Gage,  and  the  Den- 
fity  of  the  Air  in  both  Places  is  equal.  For  were  the  Denfity  of  the 
Air  in  the  Receiver  greater  than  the  Denfity  of  the  Air  at  the  end  of  the 
Gage  ;  its  Elaftick  Force  would  alfo  be  greater,  and  by  that  Excefs  of  Force 
the  Quickfilver  would  be  moved  on  further  towards  the  end  of  the  Gage,  till 
the  Forces  and  confequently  the  Denfities  became  equal.  After  the  fame 
manner  if  the  Denfity  of  the  Air  at  the  end  of  the  Gage  were  greater  than 
the  Denfity  of  the  Air  within  the  Receiver  ;  the  Quickfilver  would  be 
moved  backwards,  from  the  end  of  the  Gage,  till  the  Denfities  became 
squab  Ic  is  manifeft  therefore  that  the  Denfities  are  equal  on  both  parts 

when- 


C  *3  } 

when  the  Quickfilver  in  the  Gage  is  at  reft.  Therefore  fince  the  Den- 
flty  0f  the  Air  in  the  Receiver  upon  every  fucceffive  ftroke  of  the  Forcer 
was  increafed  in  Arithmetical  Progreffion,  it  follows  that  the  Denfity  of 
the  Air  at  the  end  of  the  Gage  is  like  wife  increafed  in  the  fame  Arithme¬ 
tical  Progreffion.  But  the  Space  which  that  Air  poffeffes  is  diminifhed  in 
the  fame  proportion  by  which  the  Denfity  is  increafed,  or  in  other  words, 
the  Spaces  are  reciprocally  as  the  Deniities :  therefore  the  Spaces  are  reci¬ 
procally  as  a  Series  of  Terms  in  Arithmetical  Progreffion,  which  is  the 
fame  thing  as  to  fay,  the  Spaces  are  in  a  Mufical  Progreffion.  And  this 
conclufion  we  found  alfo  to  agree  with  our  Experiments. 

A  Second  Enquiry  into  the  State  of  the  Atmofphere . 

Before  I  conclude  it  may  not  be  amifs  in  this  Place  to  make  oui  En¬ 
quiries  once  more  concerning  kthe  State  of  the  Atmofphere,  and.  the 
different  degrees  by  which  the  Air  is  ratified  at  different  Altitudes  above 
the  Surface  of  the  Earth.  You  remember  it  was  proved  in  the  foiegoing 
Week,  that  the  Denfity  of  the  Air  was  diminifhed  in  a  Geometrical 
Progreflion  as  the  Altitude  of  it  was  increafed  in  an  Arithmetical  Progref- 
fion.  The  truth  of  that  Rule  depends  upon  this  Suppofition,  tnat  the 
Gravity  of  Bodies  is  the  fame  at  all  diftances  from  the  Centre  of  the 
Earth.  But  it  has  been  proved  and  put  beyond  difpute  by  Sir  Ifaac 
Newton  in  his  Princtpia ,  that  the  Gravity  of  Bodies  is  not  exactly  the 
fame  at  all  diftances  from  the  Centre,  but  is  diminifhed  as  the  diftance 
increafes,  fo  that  the  Quantity  of  it  is  always  reciprocally  pioportionable 
to  the  Square  of  the  diftance.  From  hence  it  eafily  appears  that  when 
the  Altitude  of  the  Air  above  the  Surface  of  the  Eaith  is  vuy  gi-at 
and  very  confiderable  in  refped  of  the  Earths  Semidiametei ,  the  R.ule 
which  I  formerly  gave  you  will  be  far  from  being  true  5  but  if  the  Al¬ 
titude  be  fmall  and  inconfiderable  (as  the  Altitudes  of  oui  higheft  Moun¬ 
tains  muft  be  confefs’d  to  be)  it  will  ftill  be  iufficiently  exad,  and  as  fuc 
it  is  proposed  by  Dr.  Halley  in  the  Philofophical  Tranfadions,  and  by 
Dr.  Gregory  in  his  Aftronomy,  and  generally  received  by  others  without 
any  exceptions.  However,  it  may  be  worth  our  while  to  lee  what  con- 
fequences  will  arife  upon  the  truer  Hypothefis  which  fuppofes  (as  I  aid 
above )  the  Gravity  of  Bodies  to  be  diminifhed  in  the  fame  pioportioix 
by  which  the  Square  of  their  diftance  from  the  Centre  of  the  Eaith  is 
increafed.  In  treating  of  this  matter  I  fear  I  fhall  not  be  geneially  un- 
derftood,  yet  I  hope  I  ftiall  make  the  thing  as  eafy  as  the  nature  o  it 
will  permit.  (Fig.  15.)  Let  C  reprefent  the  Centre  of  the  Earth,  CA  its 
Semidiameter,  AB  a  part  of  its  Surface,  and  let  the  Line  GAD  be  produced 
up  to  the  extremity  of  the  Atmolphere.  In  this  Line  imagine  the  Points 
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JX,E,F  to  be  placed  infinitely  near  to  each  other,  and  take  as  many  o* 

ther  Points  d,  c?f  in  fuch  a  manner  that  the  diftances  dC,eC,fC  fhall  be 

reciprocally  proportionable  to  the  didances  DC ,  EC ,  FC  refpedHvely,  or 
in  fuch  manner  that  the  diftances  dC,  eC,  fC  (hall  be  lefs  than  the  Semi¬ 
diameter  AC  in  the  fame  proportion  by  which  the  refpe&ive  diftances 
DC ,  EC ,  FC  are  greater  than  the  fame  Semidiameter:  the  diftances  of  the 
leffer  Letters  from  the  Centre  being  diminiftied  in  the  fame  proportion  by 
which  the  diftances  of  the  correfponding  greater  Letters  from  the  Centre 
are  increafed.  Upon  the  Points  A ,  d,e,fe rebt  the  Perpendiculars  AB ,  dp,  eq, 
fr,  and  luppofe  the  length  of  thefe  Perpendiculars  to  be  proportionable  to 
the  Denfity  of  the  Air  in  A,  D,  E ,  F  refpe&ively  fo  that  the  Denfity  of 
the  Air  at  A  fhall  be  repre Tented  by  the  Perpendicular  AB ,  the  Denfity  of 

the  Air  at  D  by  the  Perpendicular  dp,  the  Denfity  at  E  by  the  Perpen¬ 

dicular  eq,  and  the  denfity  at  JF  by  fr.  This  being  done,  I  am  now  to 
prove,  that  if  the  diftances  CF,  CE,  CD  be  taken  in  a  Mufical  Progref- 
fion  and  confequently  the  diftances  Cf,  Ce ,  Cd ,  be  in  an  Arithmetical 
Progretlion  as  being  reciprocally  proportionable  to  the  former  diftances; 
the  Perpendiculars  fr,  eq,  dp,  and  confequently  the  Denfities  of  the  Air 
in  the  places  F ,  E,  D  which  are  analogous  to  the  Perpendiculars  will  be  in 
a  Geometrical  Progrellion.  In  the  firft  place  then  becaufe  the  diftances  of 
the  leffer  Letters  from  the  Centre  are  reciprocally  as  the  diftances  of  their 
correfpondent  greater  Letters  from  the  fame,  it  is  manifeft  that  Cd  is  to 
Ce  as  CE  is  to  CD,  and  confequently  the  difference  of  Cd  and  Ce  is  to 
the  difference  of  CE  and  CD  as  Ce  to  CD,  or  ("becaufe  the  Points  E  and  D 
are  fuppofed  to  be  infinitely  near  to  each  other)  as  Ce  to  CE  or  (becaufe 
Ce  is  lefs  than  CA  in  the  fame  proportion  by  which  CE  is  greater  than 
CA,  and  confequently  Ce,  CA  and  CE  are  continual  proportionals)  as 
CAq  is  to  CEq.  It  is  evident  then,  that  de  (the  difference  of  Cd  and 
Ce)  is  to  DE  (  the  difference  of  CE  and  CD )  as  CAq  is  to  CEq . 
Therefore  if  the  diftance  CE  remain  unaltered  and  confequently  the  pro¬ 
portion  of  CAq  to  CEq  remain  unaltered,  the  proportion  of  de  to  DE 
will  alfo  remain  unaltered,  and  confequently  de  will  be  as  DE,  that  is, 
de  will  be  increafed  and  diminifhed  in  the  fame  proportion  with  DE. 
But  if  DE  remain  unaltered,  becaufe  it  is  always  greater  than  de  in  the 
proportion  by  which  CEq  is  greater  than  CAq,  it  follows  that  de  muft 
neceffarily  be  diminifh’d  in  the  fame  proportion  by  which  CEq  is  in¬ 
creafed,  and  increafed  in  the  fame  proportion,  by  which  CEq  is  diminifhed, 
or  in  other  words  it  muft  always  of  neceffity  be  reciprocally  as  CE  q ; 
whence  it  follows,  that  if  neither  DE  nor  CE  remain  unaltered,  de  will 
be  as  DE  diredtly  and  as  CEq  reciprocally.  But  the  Bulk  of  Air  be¬ 
tween  the  places  D  and  E  is  as  DE,  and  the  gravity  of  the  fame  is  re¬ 
ciprocally  as  the  Square  of  CE  it’s  diftance  from  the  Centre:  therefore 
d  e  is  as  the  Bulk  and  Gravitation  together  of  the  fame,  and  confequent- 
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ly  fiftce  eq  is  as  its  Denfity  theProdud:  of  de  and  eq  or  the  Area  deqp 
will  be  as  the  Produd:  of  its  Denfity,  Bulk,  and  Gravitation,  that  is,  as 
its  Force  to  ccmprefs  the  inferior  Air.  And  the  fum  of  all  fuch  Areas 
below  d p  will  be  as  the  fum  of  fuch  Forces  of  all  the  Air  above  D,  that 
is,  as  dp  the  Denfity  of  the  Air  at  D,  for  you  know  the  Denfity  of  the 
Air  is  always  as  the  Force  which  compreffes  it.  Since  the  Perpendicular 
dp  is  as  the  fum  of  all  the  little  Areas  below  its  felf  and  the  Perpendicular 
e  q,  for  the  fame  reafcn,  is  as  the  fum  of  all  below  its  felf :  it  follows,  that 
the  difference  of  ^  and  dp  is  as  the  difference  of  thofe  Sums,  which 
difference  is  the  Area  eqpd.  Thus  far  then  we  have  proceeded,  we  have 
found  that  the  difference  of  the  Perpendiculars  e  q  and  dp  is  as  the  Area 
eqpd  comprehended  by  thofe  Perpendiculars.  Let  us  now  fuppofe  the 
diflances  CF,  C E,  CD,  and  fo  on,  to  be  taken  in  a  Mu fi cal  Prcgreffion 
and  then  (as  was  faid  abovej  the  diflances  Cf,  Ce ,  Cd ,  and  fo  on,  will 
be  in  an  Arithmetical  Prcgreffion,  and  therefore  all  the  Intervals  de ,  cf 
will  be  equal  and  confequently  the  Areas  eqpd  which  have  thofe  equal 
Intervals  for  their  Bafes  will  be  as  their  Altitudes  e  q .  Hence  the  diffe¬ 
rence  of  c^and  dp  which  was  as  the  Area  eqpd  will  be  as  eq  and  confe¬ 
quently  dp  will  be  as  eq .  In  other  words,  the  two  Perpendiculars  which 
terminate  the  little  Area  included  between  them  do  every  where  bear  the 
fame  given  proportion  to  each  other.  Therefore  the  proportion  of  fr  to 
eq  is  the  fame  with  the  proportion  of  eq  to  dp ,  and  confequently  the 
Perpendiculars  fr,  eq,  dp,  and  fo  on,  are  in  a  Geometrical  Progreflion. 
But  thefe  Perpendiculars  exprefs  the  Denfities  of  the  Air  at  the  places  F, 
F,  D,  and  fo  onwards.  Therefore  thofe  Denfities  are  alfo  in  a  Geometri¬ 
cal  Progreflion,  which  was  the  thing  to  be  proved.  To  proceed  further: 
fince  Cd  is  to  CA  as  CA  is  to  CD,  it  follows  that  Ad  is  to  AD  as 
CA  to  CD,  or  in  other  words  that  Ad  is  lefs  than  AD  in  the  fame  pro¬ 
portion  by  which  the  Semidiameter  of  the  Earth  is  lefs  than  the  diflance 
of  the  Point  D  from  the  Centre ;  confequently  to  find  the  length  of  Ad 
we  muff  diminifh  the  Altitude  AD  in  the  proportion  of  the  Semedia- 
meter  of  the  Earth  to  the  fum  of  the  Semidiameter  and  the  Altitude,  for 
which  reafon  I  fhall  call  Ad  the  diminifh’d  Altitude  of  the  Point  D,  and 
upon  the  fame  account  Ae  may  be  call’d  the  diminifh’d  Altitude  of  the 
Point  E,  and  Af  the  diminifh’d  Altitude  of  the  Point  F;  and  fo  if  h 
be  the  Point  which  correrponds  as  above  to  the  Point  H,  Ah  will  be  the 
diminifh’d  Altitude  of  the  Point  H.  Now  *tis  eafy  to  obferve  that  as 
the  diflances  Cd,  Ce,  Cf  are  in  Arithmetical  Progreflion,  fo  are  al(o  the 
diminifh’d  Altitudes  Ad,  Ae,  Af  And  from  hence  there  arifes  this 
Theorem.  That  if  the  diminifh’d  Altitudes  be  taken  in  Arithmetical  Pro¬ 
greflion  the  Denfities  of  the  Air  will  be  in  a  Geometrical  Progreflion. 
Therefore  if  the  Rarity  of  the  Air  at  any  one  Altitude,  fuppofe  at  H, 
be  known,  you  may  eafily  enough  find  its  Rarity  at  any  other  Altitude 
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fuppofe  at  D,  For  as  the  Jiminifh’d  Altitude  of  the  Point  H  is  to  the  di- 
minifh’d  Altitude  of  the  Point  D ,  fo  will  be  the  Logarithm  of  the  Air’s 
Rarity  at  H  which  is  fuppofed  to  be  known,  to  the  Logarithm  of 
the  Airs  Rarity  at  D  which  was  to  be  found.  The  whole  difficulty  of 
the  bufmefs  is  therefore  reduc’d  to  this:  to  find  the  Rarity  of  the  Air  at 
feme  one  Altitude  as  at  //.  This  may  be  done  as  I  formerly  Ihew’d  you 
by  carrying  the  Barometer  to  the  top  of  fome  very  high  Mountain  and 
obferving  the  delcent  of  the  Quickliiver.  Such  were  the  Experiments 
made  upon  the  Puy  de  Domme  in  France,  and  Snowden  Hill  in  Wales , 
which  I  made  ufe  of  the  laft  Week  when  I  difeours’d  of  this  Subjefh 
But  the  Method  I  lhall  now  deferibe  to  you  is  more  expeditious  and  de¬ 
pends  upon  the  Experiment  which  we  made  this  Day.  It  appeares  ( as  I 
faid )  by  many  fuch  Experiments  compar’d  together,  that  the  weight  of 
Air  is  to  the  weight  of  Water  as  i  to  about  850.  Therefore  a  Co¬ 
lumn  of  Air  whole  height  is  850  Inches  or  70  Feet  and  10  Inches  will  be 
equal  in  weight  to  a  Column  of  Water  upon  the  lame  Balls  whofe  height 
is  1  Inch.  Let  us  fuppofe  that  A  H  the  height  of  the  Point  H  above 
the  Surface  of  the  Earth  is  70  Feet  and  10  Inches;  then  becaufe  the 
Standard  height  of  Water  in  the  Pafcalian  Tube  is  34  Feet  or  408  Inches, 
and  this  height  of  Water  is  a  Ballance  to  the  Preffiire  of  the  whole  At- 
mofphere  upon  the  Surface  of  the  Earth,  ’tis  manifeft  that  the  weight  of 
the  whole  Column  of  Air,  which  is  fuperiour  to  the  Point  A,  is  equal 
to  the  weight  of  a  Column  of  Water  upon  the  fame  Balls  whofe  height 
is  34  Feet  or  408  Inches.  Take  from  the  weight  of  the  whole  Column 
of  Air  the  weight  of  that  part  of  the  Column  which  reaches  from  A 
up  to •  H,  and  which  was  fhewn  to  be  equal  to  one  Inch  of  Water;  and 
the  weight  of  the  remaining  part  of  the  Column  which  is  above  the 
the  Point  H  will  be  equal  to  the  weight  of  407  Inches  of  Water.  There¬ 
fore  the  Force  with  which  the  Air  at  A  is  comprels’d  is  to  the  Force 
with  which  the  Air  at  H  is  comprefs’d  as  408  to  407,  and  the  Rarity  df 
the  Air  at  H  is  to  the  Rarity  of  the  Air  at  A  in  the  fame  proportion. 
You  may  perceive  that  this  Method  fuppofes  the  Air  to  be  of  the  fame 
Denfity  in  every  part  of  the  Spa cq  AH,  which  is  not  exa&lytrue;  but 
in  fo  lmall  an  Altitude  as  that  of  70  Feet  the  Error  is  altogether  infen- 
fible*  However  if  you  have  a  mind  to  proceed  with  the  utmoft  accura¬ 
cy,  you  may  do  fo,  by  making  the  Altitude  as  fmall  as  you  pleafe. 
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